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3. Materials and definitions 































ܶܫ ൌ Amount of product ሺmgሻ































































































































4.1 Manuscript I 
 
Swine databases: Evaluation of their quality and potential use 





Swine databases: Evaluation of their quality 
























































Assessing data quality is important to 
ensure that data are representative of the 
target population [3] and that valid 
conclusions can be drawn.  
In Denmark, several public and 
industry-owned databases exist in the 
veterinary field [4]. For swine, the 
public databases include: the Central 
Husbandry Register (CHR) - including 
the swine movement database (SMD), 
the national Danish database on drugs 
for veterinary use (VetStat), Veterinary 
practitioners register (VetReg), the 
Control data register – from welfare and 
drug inspections in swine herds, the 
Zoonosis register with data on 
Salmonella seroprevalence and 
laboratory data from the National 
Veterinary Institute – Technical 
University of Denmark (DTU-Vet lab). 
Industry-owned databases include the 
Specific Pathogen Free (SPF) System, 
data from the diagnostic laboratory at 
the Pig Research Center-SEGES (VSP-
SEGES lab), the Specific Pathogen Free 
(SPF) System and the meat inspection 
database. All databases record 
information in order to facilitate 
decision making at the herd or 
regional/national level.   
Data gathered for research purposes are 
often referred to as primary data, 
whereas secondary data are data, which 
have been collected with a different 
purpose such as evaluation, 
management, administration, control 
and surveillance [5].  
Secondary data are increasingly being 
used for research purposes [6–9]. 
However, research studies based on 
secondary data are typically associated 
with analytical and interpretive 
limitations. Challenges relate to 
technical aspects, political 
requirements, and stakeholder interests, 
which might influence the quality of 
data and its acceptance by the industry 
for disease surveillance. Therefore, it is 
important to evaluate data, when 
pursuing alternative uses, such as 
disease monitoring and surveillance.  
The aim of the present study was to 
describe the importance of evaluating 
system structure and data quality of 
existing public and private databases, 
which may be used in the surveillance 
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1. What is (/was) the (original) 
objective of the database?  
a. Where is it described? 
2. Which data sources are used? 
(vets, farmers, laboratory, etc) 
3. For which purposes is this data 
being used? 
4. Which diseases surveillance 
programs are based on this 
database? (NA is some cases) 
5. Is the data gathered from all 
Danish pig herds?  
6. Is the data compulsory/voluntary 
collected? 
a. if voluntary: Which type 
of farmers / economic 
advantages or costs 
related to participation? 
7. Who is responsible for gathering 
the information? (data sources) 
8. Who is the responsible for 
entering the data into the 
system? (data entry) 
9. What information is exactly 
being recorded (where is it 
described)? 
10. Who administers the database? 
(data operators) 
11. Who has access to the database 
and who extracts the data? Is it 
the same person? 
12. How is the data stored into the 
system? Integrated or relational? 
Is it connected to other 
databases (e.g. GLR-CHR-
VetStat (and movement?) are 
apparently part of the same 
database)? 
13. Are there any reports made 
based on the data? 
a. If so, how often are they 
made? 
Completeness		
14. Does the system give a warning 
if information is missing?  For 
example, if you should collect 
information from 18 herds and 
you only have information for 4 
herds? 
15. Does the system allow “missing 
information”, when a 
registration is typed in? 
16. Can you describe and give 
examples missing information 
from different variables for 
cases registered in the database?  
Validity	
17. Is there any person responsible 
for checking and validating the 
data delivered to the database 
compared with the case (external 
validity)? 
a. If yes, who? Data 
operator / manager? 
Same person every time?  
b. How often is it 
performed? 
c. What does this data 
check include (random 
or same check every 
time? 
d. In case of an error is 
found, which actions are 
taken? 
18. Is there any person responsible 
for checking and validating the 
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data in the database (coding 
errors: internal validity)? 
a. If yes, who? Data 
operator / manager? 
Same person every 
time?)?  
b. How often is this 
performed? 
c. What does this data 
check include (random 
or same check every 
time?)? 
d. In case of an error is 
found, which actions are 
taken? 
19. Which coding errors can be 
found in the database? Please 
give examples of variables with 
coding errors.  
20. When data is entered into the 
database is it recorded using pre-
defined codes used in the system 
(words) for all variables or is it 
“free” typing text/numbers? 
Timeliness	
21. How often is the database 
updated? 
a.  Does this happen before 
/ after eventual data 
checks?  
22. How much time does it take 
between the data is available and 
is uploaded to the database?  
23. How much time does it take 
from entry the data and its 
subsequent use? 
24. Has the database been exposed 
to any major changes during the 
years, or is it possible to 
compare data throughout time? 
Representativeness	
25. What is the proportion of the 
population that is covered by the 
system? Could be expressed in 
numbers or percentages. 
Usefulness	
26. Can you indicate actions plans 
taken such as disease 
control/eradication programs 
based on the information 
originated from the 
system/database?  
27. Is the data being used for 
specific purposes such as 
reports, research or other? 
a.  Are these in agreement 
with the original purpose 
of the database? 
Simplicity	
28. How much time does it take to 
load the data into the system? 
29. How much time does it take to 
have access to the data in the 
system? 
Flexibility		
30. How easy/time requiring is it to 
adjust information in the 
system? 
31. Is it possible to add new 
codes/variables into the system? 
32. Can you please give examples of 
situations where new 
codes/variables were introduced 
in the database? And which 
implications did it have? (if it 
was needed to create a 
completely new system) 
33. How easy/time requiring is it to 
expand the system to for 
instance include new data (new 
variables)? 
Acceptability	
34. Do you think that these data can 
be used for monitoring pig 
diseases? 
35. Do you think that is it possible 
to combine these data with other 
databases for monitoring pig 
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diseases? Eventual implications 
















































































































































































1 Information on movements are also registered 
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Denmark, 2 Centre of Veterinary Epidemiological Research, Department of Health Management, Atlantic
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Abstract
The emergence of pathogens resistant to antimicrobials has prompted political initiatives
targeting a reduction in the use of veterinary antimicrobials in Denmark, especially for pigs.
This study elucidates the tendency of pig farms with a significantly higher antimicrobial use
to remain in clusters in certain geographical regions of Denmark. Animal Daily Doses/100
pigs/day were calculated for all three age groups of pigs (weaners, finishers and sows) for
each quarter during 2012–13 in 6,143 commercial indoor pig producing farms. The data
were split into four time periods of six months. Repeated spatial cluster analyses were per-
formed to identify persistent clusters, i.e. areas included in a significant cluster throughout
all four time periods. Antimicrobials prescribed for weaners did not result in any persistent
clusters. In contrast, antimicrobial use in finishers clustered persistently in two areas (157
farms), while those issued for sows clustered in one area (51 farms). A multivariate analysis
including data on antimicrobial use for weaners, finishers and sows as three separate out-
comes resulted in three persistent clusters (551 farms). Compared to farms outside the
clusters during this period, weaners, finishers and sows on farms within these clusters had
19%, 104% and 4% higher use of antimicrobials, respectively. Production type, farm type
and farm size seemed to have some bearing on the clustering effect. Adding these factors
as categorical covariates one at a time in the multivariate analysis reduced the persistent
clusters by 24.3%, 30.5% and 34.1%, respectively.
Introduction
In Denmark, 29 million pigs are produced annually accounting for 76% of prescribed veteri-
nary antimicrobials [1]. There has been an increase in public awareness surrounding the pru-
dent use of veterinary antimicrobials due to the emergence of antimicrobial resistance [2,3,4].
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Subsequently, a number of legislative actions targeting a reduction in the use of antimicrobials
for pigs have been launched in Denmark [5,6,7,8].
Antimicrobial treatment of production animals is, according to Danish legislation, restricted
to clinical disease, thus excluding use for prophylaxis and growth promotion [9]. In Denmark,
the three age groups of pigs, for which antimicrobials are prescribed are: weaners, finishers and
sows (including boars and piglets). The consistency in the overall antimicrobial consumption
at a farm is therefore ideally assessed using a multivariate analysis combining the use in all
three groups simultaneously. The primary clinical reasons for prescribing antimicrobials are
gastrointestinal and respiratory disorders for weaners and finishers, and limbs/joints/CNS/skin
and urogenital disorders for sows [10]. Management and medication practices vary substan-
tially among Danish pig farmers. The choice of drug, dose and treatment time as well as the
perception of metaphylaxis all influences the administration of antimicrobials at the farm.
For sow farms, densely populated areas have been found to have a higher use of antimicro-
bials than sparsely populated areas [11]. Furthermore, the amount of antimicrobials prescribed
for gastrointestinal disorders in finishers has been found to be highly affected by geographical
region [12]. Additionally, treatment practices on farm has been shown to remain stable over
time [13]. Due to variation in farm density, veterinary affiliation and a presumed stability in
treatment practices on farm, our hypothesis was that a number of persistent spatial clusters
exist in the amount of antimicrobials prescribed for pigs. Thus, the objective of this study was
to identify and characterize the spatial clusters of Danish indoor commercial pig producing
farms that persistently prescribed significantly more antimicrobials during 2012–13.
Materials and Methods
Study design
The study was designed as a register-based study on antimicrobial use during the years 2012
and 2013. Data from all indoor commercial pig farms were included in the study, with the
exception of those excluded due to recording mistakes (Fig 1).
Fig 1. Flow diagram of data management. Data extracted from the Danish national databases VetStat and CHR were used to calculate up to three
standardized measures of antimicrobials for each pig farm (ADDwea, ADDfin and ADDsow). AM = antimicrobials.
doi:10.1371/journal.pone.0136834.g001
Persistent Spatial Clusters of Prescribed Antimicrobials for Pigs
PLOS ONE | DOI:10.1371/journal.pone.0136834 August 28, 2015 2 / 13
64
Study population
A total of 6,143 farms were included in the study population and were characterized in terms
of their Cartesian coordinates for geographic location, farm type (production/nucleus), type of
production (presence of one or more age groups), farm size (number of pigs, separately evalu-
ated for each of the three age groups) and Specific Pathogen Free (SPF) status. To insure that
only active farms were included in the study, a minimum of one prescription during the two-
year study period was required (6,760 farms). Reasons for exclusion were missing (19 farms) or
identical Cartesian coordinates (2 farms), changes in farm size (39 farms), farm type (e.g. out-
door, organic, boar stations) (287 farms), negative antimicrobial values in one of the quarters
(22 farms) and extensive pig producers (174 farms) with fewer than 50 sows, 200 finishers and
200 weaners (Fig 1).
Production farms (5,915 participating) are defined as farms producing weaners and/or fin-
ishers, while nucleus farms (228 participating) are defined as farms only producing breeding
stock [14]. Farms participating in the voluntary SPF system have a certain level of biosecurity
and are aware of the on-farm infection status of two specified ectoparasites and five pathogens
[15]. Data from the SPF system were extracted in March 2013, while data on farm demograph-
ics were retrieved from the Central Husbandry Register (CHR) in January 2012 and October
2013.
Antimicrobial prescription
The quantity of antimicrobials prescribed at a given farm was assumed to be a consistent proxy
for the level of consumed antimicrobials during the given time period. Since 2000, all veteri-
nary antimicrobial prescriptions for production animals have been recorded in the national
Danish database, VetStat [16]. VetStat receives information from three sources: Feed mills, vet-
erinarians and pharmacies. For pigs, more than 98% of the total number of prescriptions for
pigs is recorded by pharmacies. To avoid the influence of legislative initiatives [17,18], we did
not include data prior to January 2012. This study used prescriptions issued by pharmacies
from the period of 1st January 2012 to 31st December 2013; in total 844,704 prescriptions of
where 502,609 were antimicrobial prescriptions (Fig 1). Registrations were retrieved from Vet-
Stat on 31st March 2014. Each prescription contained detailed information on the prescription
date, prescribing veterinarian, recipient (farm number), animal species, age group, clinical indi-
cation, antimicrobial product and amount of antimicrobial [16,10]. However, 10,788 (1.3%)
prescriptions were deleted due to a missing (or incorrect) age group (10,674) and/or farm iden-
tification number (132).
Antimicrobials were assessed as Animal Daily Doses (ADD). One ADD is defined as the
dose needed to treat one pig of a given size for one day for the main indication. VetStat uses
standard weights for treatment in each of the three age categories: 15 kg (weaners), 50 kg (fin-
ishers) and 200 kg (sows, boars and piglets). One ADD15 equals one standard dose needed to
treat one standard weaner (15 kg pig) for one day. Likewise ADD50 and ADD200 are calculated
for finishers and sows. The number of ADDs aggregated on the farm level for each of the three
age groups was divided by the number of pig days at the farm. The number of registered pigs in
each of the three age groups was extracted from the CHR register and multiplied by the num-
ber of days in the given time period, to calculate the total number of pig days at risk. This stan-
dardized unit is consistent with the official unit: Prescribed number of ADD per 100 pigs per
day (ADD/100 pigs/day), which approximates the percentage of pigs treated at the farm daily
[7,19]. Therefore, up to three estimates were calculated per farm: ADD15/100 weaners/day,
ADD50/100 finishers/day and ADD200/100 sows/day, denoted here as ADDwea, ADDfin and
ADDsow, respectively. These standardized measures enable comparison across farms, despite
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variations in farm size and choice of drug [19]. In VetStat, each antimicrobial product was ini-
tially assigned an appropriate dose based on pharmaceutical approval. In 2014, the doses were
revised [7]. For this project, results are presented using the new doses.
Most pig farms have a health counseling contract, which includes visits by a veterinarian
9–12 times a year (4–6 times a year for finisher-only farms) [9]. Drugs are typically prescribed
in connection with such visits. In support of this, Vigre et al [20] identified the median dura-
tion of prescription period to be 36 days for weaners and 39 days for finishers. Therefore, pre-
scribed antimicrobials were aggregated quarterly for each of the three age groups to reflect the
actual use of antimicrobials within a given time period.
The three right-skewed continuous distributions, ADDwea, ADDfin and ADDsow, were log-
transformed to reduce the influence of extreme values. A relatively large number of the observa-
tions were zero (13% sows, 19% weaners and 28% finishers). To allow transformation despite the
observations of zero, a small constant was added to the total amount of prescribed antimicrobial
at each farm. This constant was added prior standardization and transformation, so that a zero
observation in a large farm was assigned a smaller value than a zero observation in a small farm.
The added value equaled half the smallest amount of prescribed antimicrobials during the first
quarter corresponding to 29 ADD15 for weaners, 6.5 ADD50 for finishers and 1 ADD200 for sows.
Spatio-temporal analyses
The scan statistic can be used in the identification of local clustering of an event in space and
time. Traditionally, the procedure has been used to investigate clustering of disease in human
as well as veterinary epidemiological studies. Scan statistic is based on a circular scanning tech-
nique using the log likelihood ratio test [21]. Recently, the univariate scan statistic has been
extended to include continuous outcomes [22] and may incorporate multiple datasets (e.g. dif-
ferent diseases or different population characteristics) [23]. This multivariate scan statistic
method has so far only been sparsely applied in veterinary epidemiology [24]. To our best
knowledge, this is the first study in veterinary epidemiology to make use of a multivariate scan-
ning technique with a continuous outcome.
Here, we made use of both the scan statistic methods (univariate and multivariate) to test
whether the mean of ADDwea, ADDfin and/or ADDsow in Danish commercial indoor pig farms
was higher in certain geographical areas throughout time than would be expected due to
chance. To allow for unrestricted geographical overlap of clusters in different time periods,
repeated spatial analyses were performed, rather than a single spatio-temporal analysis. To
increase the study power the scan statistic was ran on a six-month scale; hence, each analysis
included two observations per age group at a farm, one for each quarter. The geographical
areas included in a significant cluster in all four consecutive time periods were defined as a per-
sistent cluster. Following this, the total number of farms within the intersection of the four sig-
nificant clusters was identified.
Purely spatial retrospective analyses were executed using a normal probability model [22].
Initially, univariate models were run for each of the three outcomes separately: Ln(ADDwea), ln
(ADDfin) and ln(ADDsow). Subsequently, by including all three datasets (ln(ADDwea), ln(ADDfin)
and ln(ADDsow)), a multivariate version of the model [23] was used. Additionally, three categori-
cal covariates (production type (7 levels), farm type (2 levels) and farm size (3 levels)) were added
one at a time to the multivariate model, in order to investigate the effect on clustering.
The maximum spatial cluster size was set to 20% (1,229 farms) of the population at risk. No
geographical overlap was allowed in the individual analyses. An elliptic spatial shape was
selected to account for edge effects of the estimated cluster areas. However, the exact borders of
the underlying true clusters remain uncertain regardless of the shape used [25].
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For each of the generated elliptic windows (e.g. scanning windows) around each location,
the log-likelihood for observing a higher mean ADD value within the window was calculated.
The window with the maximum log-likelihood was identified as the most likely (or primary)
cluster. The distribution of log-likelihood ratio statistic under the null hypothesis was evaluated
using Monte Carlo hypothesis testing. In the multivariate analysis, clustering which occurred
in a single dataset or in more datasets simultaneously was evaluated. This was achieved by
establishing a combined log likelihood defined as the sum of log likelihoods from each of the
individual datasets where the observed antimicrobial use exceeded the expected use [23]. Sig-
nificant ellipses (p<0.05) contributing to a persistent cluster were plotted on a map. A chi-
square test was applied to test whether farm characteristics were significantly different inside
compared to outside the clusters.
Data management was carried out using the software SAS [26]. Subsequently, data were
exported to R [27], for statistical analysis. Spatial analysis was carried out in SaTScan [28].
Results
As illustrated in Fig 2, the farm density of participating farms is generally higher in the western
part of Denmark than the eastern part.
Based on data from the CHR and from the SPF register, farms included in the analyses are
described by their SPF status, production type, and farm size (Table 1).
Prescribed antimicrobials standardized as ADDwea, ADDfin and ADDsow, for each quarter
of 2012 and 2013 in the 6,143 study farms are presented in (Table 2). Depending on the pro-
duction type, each farm held information on up to three measurements of antimicrobial con-
sumption (one for each age group of pigs). The variable ‘production type’ had seven levels,
defining the presence or absence of the three age groups of pigs. Farm size was categorized
according to the quartiles for each of the three age groups: Small (<Q1), Medium (Q1 –Q3)
and Large (>Q3). Information on farm type, production type and farm size were complete for
all 6,143 farms and were used as covariates in the multivariate model.
Two persistent clusters were identified by the univariate cluster analysis on antimicrobials
prescribed for finishers. These clusters included 99 and 58 farms, respectively (Fig 3). On aver-
age, finishers inside these persistent clusters consumed 158% more antimicrobials (2.01
ADDfin) than finishers outside the clusters (0.78 ADDfin) (Table 3). Likewise, a univariate
model on antimicrobials prescribed for sows resulted in one persistent cluster of 51 sow farms
(Fig 4) consuming 38% more antimicrobials (2.49 ADDsow) compared to sow farms outside
the clusters (1.80 ADDsow) (Table 3). The univariate analysis on antimicrobials prescribed for
weaners did not result in any persistent clustering.
The multivariate analysis resulted in three persistent clusters, including 33, 209 and 309
farms respectively (Fig 5). In these clusters, the antimicrobial consumption was 19% higher for
weaners, 104% higher for finishers, and 4% higher for sows (Table 3). Characteristics of farms
inside and outside these clusters are presented in Table 4. The distribution of weaner and fin-
isher farm sizes was significantly different inside compared to outside the clusters (Table 4).
The three multivariate persistent clusters were geographically close to the three persistent
clusters found in the univariate analyses. One sow farm and 99 finisher farms were included in
the univariate as well as the multivariate persistent clusters, which meant that 50 sow and 58
finisher farms were included in the univariate persistent clusters, but omitted from the multi-
variate persistent clusters.
Adding the three covariates farm type, production type and farm size one at a time to the
repeated multivariate cluster analysis reduced the number of farms inside the persistent clus-
ters to 383 (30.5%), 417 (24.3%) and 363 (34.1%), respectively.
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Discussion
This study describes how the use of antimicrobials in indoor commercial pig farms persistently
cluster in certain geographical areas compared to farms in the rest of Denmark.
Clusters of antimicrobials prescribed for sows seemed to remain more constant (Fig 4) than
antimicrobials prescribed for finishers (Fig 3) or for all age groups (multivariate analyses) (Fig
5). The main indications for use of antimicrobials in sows/piglets include urogenital and limbs/
joints/CNS/skin disorders [10]. In practice, these conditions are typically seen as metritis-mas-
titis-agalactica and arthritis, respectively [29]. Feeding and stable facilities seem to play a criti-
cal role in the prevalence of both conditions [30] and represent parameters which are not
expected to change markedly over time. Contrary, a large variability was found for finishers
(Fig 3) and especially weaners, where no persistent clusters were detected. Gastrointestinal dis-
orders (Lawsonia intracellularis, Brachyspira spp. and Escherichia coli) and respiratory disor-
ders (Actinobacillus pleuropneumoniae, Pasteurella multocida and Streptococcus suis) [10] are
the primary causes of treatment for weaners and finishers. Due to the infectious origin of both
Fig 2. Map of the Danish indoor commercial pig farm density. “All farms” illustrate the geographical distribution of all 6,143 indoor commercial pig farms
in Denmark. Maps denoted “weaner farms” (2,886), “finisher farms” (5,417) and “sow farms” (2,062) illustrate farms holding the respective age groups. Colors
indicate number of farms present in each square (5*5 kilometer).
doi:10.1371/journal.pone.0136834.g002
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conditions they typically require treatment of a high proportion of pigs. Farm density is
expected to have a significant effect on the transmission of airborne pathogens, and has previ-
ously been positively correlated to an increased frequency of antimicrobial treatments for sows
[11], and respiratory treatments in finisher farms [31]. In general, the density of farms included
in the study population was higher in the western part of Denmark than in the eastern part
(Fig 2). Especially, clusters from the multivariate analysis seemed to coincide with local regions
with high farm density in the western part of Denmark. However, other factors than farm den-
sity does seem to have an additional effect on the use of antimicrobials, since regional variation
in farm density did not seem to coincidence with all persistent clusters (Figs 2, 3, 4 and 5).
Table 1. Characteristics of 6,143 Danish indoor commercial pig producing farms, based on data from 2012–13.
Farm characteristics Numbers of farms (%)
Conventional vs SPF status Conventional farms (non-SPF) 3,419
Farms in SPF register 2,724
Production type(age groups present at the farm) Farrow-to-ﬁnisher 1,430 (23.3)
Sows and ﬁnishers 159 (2.6)
Sows and weaners 288 (4.7)
Sows 185 (3.0)




Presence of sows* Small (1–254) 513 (24.9)
Medium (255–670) 1,043 (50.6)
Large (> 670) 506 (24.5)
Presence of weaners* Small (1–783) 722 (25.0)
Medium (784–2300) 1,458 (50.5
Large (> 2300) 706 (24.5)
Presence of ﬁnishers* Small (1–499) 1,342 (24.8)
Medium (500–1600) 2,769 (51.1)
Large (> 1600) 1,306 (24.1)
*One farm may appear in multiple categories of farm size if more age groups are present at the farm.
doi:10.1371/journal.pone.0136834.t001
Table 2. Median and interquartile ranges of the amount of prescribed antimicrobials for three ages groups for each quarter in 2012–13 in 6143 Dan-
ish indoor commercial pig producing farms.
Weaners Finishers Sows
ADDwea [IQR] ADDﬁn [IQR] ADDsow [IQR]
2012 Jan–Mar 8.47 [2.72;14.64] 0.97 [0.04;2.88] 1.92 [1.07;2.98]
April–Jun 8.05 [2.06;14.63] 0.76 [0.00;2.66] 1.77 [0.96;2.78]
Jul–Sep 7.44 [1.70;13.61] 0.76 [0.00;2.65] 1.69 [0.88;2.68]
Oct–Dec 8.17 [1.76;14.40] 0.87 [0.00;2.79] 1.75 [0.88;2.75]
2013 Jan–Mar 8.10 [1.25;15.43] 0.82 [0.00;2.97] 1.92 [0.86;3.03]
April–June 7.93 [0.99;14.92] 0.70 [0.00;2.75] 1.87 [0.81;2.99]
Jul–Sep 7.53 [0.69;14.37] 0.69 [0.00;2.77] 1.79 [0.76;2.90]
Oct–Dec 8.18 [1.12;14.83] 0.98 [0.00;3.12] 1.84 [0.75;2.91]
ADD = Animal Daily Doses per 100 animals per day.
doi:10.1371/journal.pone.0136834.t002
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Pathogens of highest relevance within Denmark, and which may spread between pig farms in
close proximity include:Mycoplasma hyopneumoniae, Swine Influenza Virus, Porcine Respira-
tory Syndrome Virus, Porcine Circo Virus type 2 and less commonly Actinobacillus pleurop-
neumoniae [32,33,34,35,36,37,38]. However, possible transmission between neighboring farms
Fig 3. Map of the univariate persistent clusters of antimicrobials prescribed for finishers. Each ellipse
illustrates a significant cluster (p<0.05) in one of the four time periods. Two persistent clusters were identified,
including a total of 157 farms. N indicates the number of farms inside each of the persistent clusters.
doi:10.1371/journal.pone.0136834.g003
Table 3. Median and interquartile ranges for antimicrobial use in 6,143 Danish pig farms inside and outside identified persistent clusters from
2012–13.
No. of farms ADDwea[IQR] ADDﬁn [IQR] ADDsow[IQR]
All farms 6,143 7.99 [1.51;14.59] 0.82 [0.00;2.82] 1.82 [0.88;2.87]
Univariate models
Antimicrobial for sows Inside 51 2.49 [1.54;3.64]
Outside 2,011 1.80 [0.87;2.86]
Antimicrobial for ﬁnisher Inside 157 2.01 [0.52;4.21]
Outside 5,260 0.78 [0.00;2.78]
Multivariate model Inside 551 9.40 [3.97;15.93] 1.55 [0.13;3.57] 1.89 [1.06;2.94]
Outside 5,592 7.88 [1.30;14.48] 0.76 [0.00;2.73] 1.81 [0.86;2.87]
+ Farm type* Inside 383 10.47 [4.52;16.76] 1.74 [0.14;3.86] 1.97 [0.96;3.04]
Outside 5,760 7.87 [1.38;14.47] 0.76 [0.00;2.74] 1.81 [0.88;2.87]
+ Production type* Inside 417 9.97 [4.62;16.46] 1.55 [0.14;3.56] 1.87 [1.08;2.84]
Outside 5,726 7.88 [1.30;14.48] 0.77 [0.00;2.75] 1.81 [0.87;2.88]
+ Farm size* Inside 363 10.94 [5.09;17.16] 1.81 [0.18;3.94] 1.89 [0.99;2.94]
Outside 5,780 7.87 [1.35;14.45] 0.77 [0.00;2.74] 1.81 [0.88;2.87]
*The regular multivariate model added one of the three covariates separately (farm type, production type or farm size).
doi:10.1371/journal.pone.0136834.t003
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by vectors other than air [32] increase the spectrum of transmittable pathogens. Cold and
humid weather conditions favor the survival of pathogens, which is why the risk of airborne
Fig 4. Map of the univariate persistent cluster of antimicrobials prescribed for sows. 51 farms located
in one persistent cluster area. Each ellipse illustrates a significant cluster (p<0.05) in one of the four time
periods. The three significant clusters from January 2012 to June 2013 lie on top of each other, which is why
only two ellipses are visible. N indicates the number of farms inside the persistent cluster area.
doi:10.1371/journal.pone.0136834.g004
Fig 5. Map of the multivariate persistent clusters. Each ellipse illustrates a significant cluster (p<0.05) in
one of the four time periods. The persistent clusters include a total of 551 farms situated in three distinct
geographical areas. N indicates the number of farms inside each of the persistent cluster areas.
doi:10.1371/journal.pone.0136834.g005
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disease increases during winter and may explain some of the seasonal variation in antimicro-
bial use (Table 2).
Our aim was to identify persisting clusters regardless of seasonal variation. The seasonal
variation in antimicrobial use (Table 2) supports the choice of study design where repeated
spatial analyses were performed instead of a single spatio-temporal analysis. Clusters from the
univariate and multivariate analyses were located in the same geographical areas, but did not
entirely overlap. Unexpectedly, only 2% (1/51) of the farms with sows, and 63% (99/157) of the
finisher farms were included in both a univariate and multivariate persistent cluster. One possi-
ble reason for the rest of the farms being omitted from the multivariate persistent cluster analy-
sis could be a lower use of antimicrobials in the two other age groups.
In the repeated multivariate analysis, finishers seem to be the age group that influences clus-
tering the most (Table 3), due to a difference of more than 104% in antimicrobial use inside
versus outside the clusters. By comparison, antimicrobial use in weaners and sows differed by
19% and 4%, respectively. Data revealed that almost half the Danish farms (45.5%) hold more
than one age group of pigs at the farm. Thus, comparing the total antimicrobial consumption
between farms is ideally done using a multivariate analysis to determine consistency between
all sections of antimicrobials consumed. The advantage of the multivariate cluster analysis is
the inclusion of all three datasets, and consequently a higher study power [23].
Three covariates addressing farm characteristics (farm type, production type and farm size)
were added to the multivariate analysis separately. All of the covariates reduced the size of
Table 4. Characteristics of 6,143 farms inside versus outside the three multivariate persistent clusters.
Farms inside clusters Farms outside clusters
Actual No. (%) Actual No (%) p-value
Total number of farms 551 (9.0) 5,592 (91.0)
Conventional farms 299 (54.3) 3,120 (55.8)
Farms in the SPF register 252 (45.7) 2,472 (44.2) 0.519
Farm type Nucleus farms 29 (5.3) 199 (3.6)
Production farms 522 (94.7) 5,393 (96.4) 0.057
Production type Farrow-to-ﬁnisher 113 (20.5) 1,317 (23.6)
Sows and ﬁnishers 16 (2.9) 143 (2.6)
Sows and weaners 32 (5.8) 256 (4.6)
Sows 11 (2.0) 174 (3.1)
Weaner-ﬁnisher 72 (13.1) 843 (15.1)
Weaners 24 (4.4) 229 (4.1)
Finishers 283 (51.4) 2,630 (47.0) 0.155
Farm size
Presence of sows Small (1–254) 40 (23.3) 473 (25.0)
Medium (255–670) 97 (56.4) 946 (50.1)
Large (> 670) 35 (20.3) 471 (24.9) 0.247
Presence of weaners Small (1–783) 48 (19.9) 674 (25.5)
Medium (784–2300) 143 (59.3) 1,315 (49.7)
Large (> 2300) 50 (20.7) 656 (24.8) 0.016
Presence of ﬁnishers Small (1–499) 112 (23.1) 1,230 (24.9)
Medium (500–1600) 226 (46.7) 2,543 (51.6)
Large (> 1600) 146 (30.2) 1,160 (23.5) 0.005
Three covariates (farm type, production type and farm size, in bold) were included one at a time in the multivariate scanning statistics. A chi-square test
was performed to test for signiﬁcant differences in the prevalence of farms inside compared to outside the clusters.
doi:10.1371/journal.pone.0136834.t004
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significant persistent clusters and therefore seem to explain some of the persistent clustering.
Firstly, farm type (nucleus /production) affected the degree of persistent clustering. Table 4
indicates a borderline significant higher proportion nucleus farms inside (5.3%) compared to
outside (3.6%) the persistent clusters. The limited number of nucleus farms complicates identi-
fication of significance. However, nucleus sow farms may tend to produce high quality pigs
with a lower threshold for initiating treatment. In agreement with this, Nielsen et al. [31] found
SPF finisher farms to have three times higher treatment frequency than non-SPF farms.
Secondly, the covariate production type includes the presence of more age groups at the
farm and is expected to affect the antimicrobial use directly, because a drug prescribed for one
age group may in practice be used for another, as well as indirectly, because farms with more
age groups are presumed to have more restrictions on the import of pigs and therefore patho-
gens. Farrow-to-finisher farms have been associated with a lower use of antimicrobials in prior
studies [12,11], which might be explained by the lack of movement and mixing of pigs from
various farms.
Thirdly, herd size seems to influence the clustering of antimicrobials. A significant differ-
ence was observed between the distribution of weaner and finisher farm sizes inside compared
to outside the persistent clusters (Table 4). Additionally, adding herd size as predictor to the
scanning statistics reduced the persistent clusters (Table 3).
Inclusion of information about the prescribing veterinarian was available in the data and
would be of interest to explore. Veterinarians prescribe the drugs and guide the farmer in their
correct usage, and are therefore expected to affect the overall use of antimicrobials at the farm
to a large extent. Furthermore, veterinarians are expected to practice in certain geographic
areas and might therefore explain some of the persistent clustering. However, the veterinarians
form a hierarchical structure which cannot be included in the scan statistic analysis (at the cur-
rent state of the methodology). The hierarchical structure is further complicated by the fact
that farms may be associated with several veterinary clinics during the study period. Therefore,
analysis incorporating the hierarchical structure was considered beyond the scope of the pres-
ent study.
Results from this analysis indicate how multiple factors influence the use of antimicrobials
for pigs. This study indicates that farm density, farm type, production type and farm size may
explain some of the clustering of antimicrobial use. However, to quantify the effect of these fac-
tors, alternative study techniques are required.
Conclusion
This study revealed the presence of persistent clusters with higher levels of antimicrobials pre-
scribed for finishers (157 farms), sows (51 farms) or all three age groups of pigs (551 farms).
The persistent clusters were found in the same areas and overlapped to some extent. Produc-
tion type, farm type and farm size all seemed to explain some of the persistent clustering in the
multivariate cluster analysis, reducing the clusters by 24.3%, 30.5% and 34.1%, respectively.
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a b  s  t  r  a c t
When  treating  groups  of  pigs  orally, antimicrobials  can  be administered  through  either  feed  or  water.
During  the last  decade,  the  group  treatment  procedure  for ﬁnishers  has  shifted  from  feed to  water  admin-
istration.  We  hypothesized  that farms  implementing  this  change  in  treatment  procedure  would  increase
their  total  amount of  administered  antimicrobials.  Based on Danish  national  register data,  we  performed
a  retrospective  cohort  study  with three  groups.  The cohort  of  primary  interest (Cohort  Change)  con-
sisted  of  50 ﬁnisher  farms  which  changed their  group  treatment  procedure  from feed  administration
to  water  administration  between  2008  and  2009. In addition,  we identiﬁed 221 farms  where  treatment
was  administered  through  feed (Cohort  Feed),  and another  553 farms  where treatment  was adminis-
tered  through  water  (Cohort  Water).  Both  of  these groups  retained their  original treatment  procedure
throughout  the study  period. Cohort  Change experienced  a  signiﬁcant increase  in  the total  amount of
prescribed  antimicrobials  between  the  years.  This  increase  might  be  caused  by  the  treatment  of  more
pigs,  since  antimicrobials  administered  through  the  feed are mainly  administered  at  the pen level, while
antimicrobials  administered  in  water are  mainly  administered  at the  section  level.  However,  we can-
not  exclude  that a  change  in  clinical  disease has inﬂuenced  the  amount  of prescribed antimicrobials.  No
change  was  observed  in  the  other two cohorts.  Furthermore,  the  difference  in  the  amount of  prescribed
antimicrobials  between  the  years was  signiﬁcantly  different  in  Cohort  Change when compared  to both
Cohort  Water and  Cohort  Feed.  Results from  this  study demonstrate  that  farms  changing  their  procedure
of  group  treatment  from feed  administration  to water  administration  may increase  their  overall  use  of
antimicrobials.
©  2016 Elsevier  B.V.  All rights reserved.
1. Introduction
In Denmark, treatment of  production animals requires a  vet-
erinary prescription and is  restricted to cases of clinical disease,
excluding use for prophylaxis and growth promotion (Anon.,
2014a). The majority of antimicrobial treatments for weaners and
ﬁnishers are administered orally (Jensen et al., 2014), traditionally
through group treatment. Group treatment accounts for 70% of all
antimicrobials given to Danish ﬁnishers, calculated as ADDs. Group
treatment may  only be used for infectious conditions where a cer-
tain proportion of pigs in the pen or section are in a  pre-clinical or
clinical phase.
∗ Corresponding author. Fax: +45 35886001.
E-mail addresses: memun@vet.dtu.dk (M.  Fertner), anebo@vet.dtu.dk
(A.  Boklund), nhd@sund.ku.dk (N. Dupont), ntoft@vet.dtu.dk (N. Toft).
Antimicrobials used in group treatment can be categorized
as water-soluble or  non-water-soluble. The latter are mainly
administered as top-dressing in dry-feed for the individual pen,
whereas water-soluble antimicrobials are administered in wet-
feed (through a  medicine dispenser or directly in the trough) or
in water (through a pipe or  medicine dispenser) for the individ-
ual pen or  section. The administration of antimicrobial treatment
in water has two  major advantages over administration in feed:
(1) Feed intake is  reduced in diseased pigs and therefore medicine
intake is prone to under-dosage when administered in feed; (2) The
drug  mixes homogenously in water.
From 2005 to 2013, the amount of prescribed water-soluble
antimicrobials increased from 33% to 59% of the total amount of
antimicrobials (ADDs) prescribed for ﬁnishers. It has been specu-
lated that administration of antimicrobials through water might
result in the treatment of  more animals. The  objective of this
study was  to investigate how a change in the type of prescribed
http://dx.doi.org/10.1016/j.prevetmed.2016.01.034
0167-5877/© 2016 Elsevier B.V. All rights reserved.
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antimicrobials (water-soluble or non-water-soluble) affected the
total quantity of prescribed antimicrobials.
2. Materials and methods
2.1.  Study design
A  retrospective cohort study with three cohorts was performed,
based on three Danish national databases: Central Husbandry Reg-
ister (CHR), Speciﬁc Pathogen Free register (SPF) and VetStat.
On the basis of solubility of products prescribed for Danish pig
farms as stated in VetStat, three cohorts were established. The
cohort of primary interest included ﬁnisher farms that changed
their antimicrobial group treatments from non-water-soluble to
water-soluble products between 2008 and 2009 (Cohort Change).
In addition, two cohorts of farms retaining their group treatment
procedure from 2008 to 2009 were identiﬁed. These farms used
either entirely water-soluble products (Cohort Water) or entirely
non-water-soluble products (Cohort Feed).
2.2. Administration of  antimicrobials
The  quantity of prescribed antimicrobials was presumed to be
a  consistent proxy for the level of administered antimicrobials.
Data on antimicrobials prescribed for pigs were retrieved from
VetStat (Stege et al., 2003). All veterinary antimicrobial prescrip-
tions for production animals are recorded in VetStat by feed mills,
veterinarians and pharmacies. However, this study only included
information from pharmacies, comprising more than 99% of the
total amount of antimicrobials prescribed for pigs. To  avoid distur-
bances of legislative actions, we chose to include data  prior to July
2010 (Jensen et al., 2014; Anon., 2010).
To characterize prescribed antimicrobials as either water-
soluble or non-water-soluble, we used the same classiﬁcation as
VetStat: “Based on the pharmaceutical formulation of the antimi-
crobial product, Vetstat uses the terminology given by the Health
Authorities” (Erik Jacobsen, personal communication). Non-water-
soluble substances (premixes and oral powders) were classiﬁed as
being  intended for feed administration, while water-soluble sub-
stances (soluble powders and oral solutions) were classiﬁed as
being intended for water administration. All other formulations
were characterized as being intended for single-animal treatments.
Furthermore, the indication for prescription registered in Vet-
Stat was characterized as either (1) gastrointestinal disorders (2)
respiratory disorders (3) joints/limbs/CNS (4) other (including uro-
genital, udder and generalized) disorders.
2.3. Study population
The  selection procedure of farms for the three cohorts is illus-
trated in Fig. 1. Among all ﬁnisher farms, farms with changes in the
number of registered ﬁnishers, production form or SPF-infection
status1 (Anon., 2015) during the study period were excluded. From
the remaining farms, three cohorts were established:
• Cohort  Feed: Farms that retained their procedure of group treat-
ment administered 100% through feed between January 1st 2008
and December 31st 2009.
1 SPF pathogens include the  following: Porcine Reproductive- and Respiratory
Syndrome  European variant (PRRS-DK) and American/Vaccine variant (PRRS-
Vac),  Actinobacillus pleuropneumoniae (App) serotype 1–12 (except serotype
11),  Mycoplasma hyopneumoniae (Myc), Brachyspira hyodysenteriae (Dys), toxin-
producing Pasteurella multocida (Nys).
• Cohort  Water: Farms that retained their procedure of group treat-
ment  administered 100% through water between January 1st
2008  and December 31st 2009.
• Cohort  Change: Farms that changed their procedure of  group
treatment  from 100% feed administration to 100% water admin-
istration.  To retrieve a  sufﬁcient study population, three dates
of  transition were selected for this cohort: January 1st, April 1st
and  July 1st.  This means that farms included in the ﬁrst study
period  administered antimicrobials through feed from January
1st  to December 31st 2008, and through water from January 1st
to December 31st 2009, and likewise for the two  other study peri-
ods.  The total study period therefore ran from January 1st 2008
to  June 30th 2010.
Data extractions from the CHR and SPF registers were from
February 2008 (CHR and SPF), February 2009 (CHR and  SPF) and
October 2010 (CHR only).
2.4.  Quantiﬁcation of  antimicrobials
Antimicrobials  were quantiﬁed as Animal Daily Doses (ADDs)
(Jensen et al., 2004). For comparison between farms, the amount
of administered antimicrobials were aggregated at  farm level and
standardized as ADDs per 100 ﬁnishers per day, assuming an
average weight of 50 kg at  the time of treatment (ADD50/100 ﬁn-
ishers/day). This measure is  in agreement with the ofﬁcial unit set
by the Danish Veterinary and Food Administration (Anon., 2014b).
2.5. Statistical analysis
The  difference in ADDs before and after the transition date
(Cohort Change) or before and after 31 December 2008 (Cohort Feed
and Cohort Water) was calculated for all farms in each of the three
cohorts. This difference between years was used as the primary
outcome in the statistical analyses. Non-parametric tests were per-
formed due to non-normality in the outcome. A Kruskal–Wallis test
was used to determine, whether there was a signiﬁcant difference
between years for all three cohorts and followed up by a pairwise
comparison using a  Tukey and Kramer test (Pohlert, 2015). Subse-
quently, a  paired Wilcoxon signed-rank test was  used to determine,
whether the amount of antimicrobials was signiﬁcantly different
between years for each of the three cohorts. An ANOVA was used
to test if  the farm size differed signiﬁcantly between the three
cohorts. Likewise, a  chi-square test was  used to test for signiﬁcant
differences in prevalence of SPF-infection status and indication for
prescription between cohorts.
Data management was carried out using the software SAS®
(Statistical, 2014), while statistical analyses were performed in R
(R  Core Team, 2014).
3.  Results
Extreme observations (37), crossing the ﬁrst launched cut-off
value of  8 ADD50/100 ﬁnishers/day by the Danish Veterinary and
Food Administration in 2010, were checked manually. In  total, 37
farms administered more than 8 ADD50/100 ﬁnishers/day, which
was the limit for intervention from the Danish Veterinary and
Food Administration in 2010 (Anon., 2010). Of these, 31 were from
Cohort water, 5  were from Cohort Feed, and 1  was  from Cohort
Change. All 37 observations were checked manually, and  none of
these extreme values were due to changes in the number of  regis-
tered pigs within the study period, so they were therefore retained
in the ﬁnal dataset.
The  resulting dataset held 50 farms in Cohort Change, 221 farms
in Cohort Feed and 553 farms in Cohort Water. A signiﬁcant increase
in the amount of antimicrobials administered between 2008 and
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Fig. 1. Flow diagram of the selection process for three cohorts of Danish ﬁnisher farms, based on their group treatment procedure. Cohort Feed and Cohort Water both
retained their procedure of antimicrobial group treatment through either feed administration or water administration during 2008–09, respectively. Cohort Change altered
their method of treatment from feed administration (2008) to water administration (2009). Data on antimicrobials used for ﬁnishers were extracted from VetStat. Data from
CHR and SPF were merged to  exclude farms with changes in farm size and/or SPF status. Colors indicate the inclusion (blue) and exclusion (red) process, as well as the ﬁnal
(green) dataset. (For interpretation of the references to  color in this ﬁgure legend, the  reader is referred to the web  version of this article.)
Table  1
Farm  characteristics of three cohorts of Danish ﬁnisher farms, either changing (Cohort Change) or retaining (Cohort Feed and Water) their group treatment procedure in
2008–09. Number of farms in each cohort, number of ﬁnishers and the prevalence of farms non-SPF and SPF farms (with associated relevant pathogens) are presented.
Cohort Change Cohort Feed Cohort Water p-value
No. of farms 50  221  553
No. of ﬁnishers (median [IQR]) 1075 [712;1750] 1200  [800;1725] 1350 [900;1900] 0.080
Non-SPF farms 40 (0.80) 150 (0.67) 431 (0.78) 0.010
SPF farms 10 (0.20) 71 (0.32) 122 (0.22)
Myc  8 (0.80) 51 (0.72) 92 (0.75) 0.788
App2 3 (0.30) 8 (0.11) 19 (0.16) 0.273
App6 4 (0.40) 29 (0.41) 45 (0.37) 0.857
App12 7 (0.70) 52 (0.73) 81 (0.66) 0.610
PPRS-DK 6 (0.60) 20  (0.28) 54 (0.44) 0.034
PRRS-Vac 5 (0.50) 19 (0.27) 28 (0.23) 0.163
Fig. 2. Boxplots illustrating the  use of antimicrobials in three paired cohorts of Danish ﬁnisher farms, selected based on their group treatment procedure. Group 1  (Cohort
Change; 50 farms), changed their antimicrobial group treatment procedure from feed administration (2008) to  water administration (2009). Between 2008 and 2009, Group
2  (Cohort Feed; 221 farms) and Group 3  (Cohort Water; 553 farms) both retained their method of antimicrobial group treatment through either feed or water, respectively.
Outliers (deﬁned as more than 1.5 times the range above the third quartile) are not  illustrated but are included in the analysis.
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Table  2
Total  amount of prescribed antimicrobials measured as Animal Daily Doses per
100 ﬁnishers per day (ADD/100 ﬁnishers/day) in three cohorts of Danish ﬁnisher
farms,  either changing (Cohort Change) or retaining (Cohort Feed and Water) their
treatment procedure in 2008–09.
Treatment procedure ADD Median ADD [IQR] P-value
Cohort Change (n = 50)
2008 (feed) 0.40 [0.15;1.06] <0.001
2009 (water) 1.03 [0.47;1.88]
Cohort Feed (n = 221)
2008 (feed) 0.87  [0.36;1.87] 0.119
2009 (feed) 0.96 [0.42;1.87]
Cohort Water (n = 553)
2008 (water) 1.56 [0.79;2.85] 0.102
2009 (water) 1.65 [0.84;3.04]
2009 was observed in Cohort Change. No signiﬁcant increase was
found in the other two cohorts (Table 2  and Fig. 2). There was a sig-
niﬁcant difference in the amount of antimicrobials between Cohort
Change 2008 and Cohort Feed 2008 (p <  0.001) and between Cohort
Change 2009 and Cohort Water 2009 (p <  0.001), but no difference
between Cohort Change 2009 and Cohort Feed 2009 (p = 0.723).
The  difference in quantity of prescribed antimicrobials from
2008 to 2009 was signiﬁcantly different between the three cohorts
(p-value = 0.015). Post hoc pairwise tests found a  signiﬁcant dif-
ference between Cohort Change and Cohort Feed (p-value =  0.012)
and between Cohort Change and Cohort Water (p-value =  0.018).
No difference was found between Cohort Feed and Cohort Water
(p-value = 0.841). Indications for which antimicrobials were pre-
scribed remained stable for both Cohort Feed and Cohort Water
during 2008–2009. For both cohorts, around two thirds of antimi-
crobials were prescribed for gastrointestinal disorders, while
Cohort Water received a  slightly higher amount of antimicro-
bials for respiratory disorders (23–25%), compared to Cohort Feed
(13–16%). In general, Cohort Change received more antimicrobials
for joints/limbs/CNS disorders (29–31%) compared to both control
cohorts (16–20%). Likewise, Cohort Change increased the usage of
antimicrobials for respiratory disorders from 8% in 2008 to 16% in
2009, at the expense of antimicrobials for gastrointestinal disor-
ders.
Recommended length of treatment did not differ signiﬁcantly
between products for feed- and water treatments. Of the four prod-
ucts most commonly prescribed for group medication in water or
feed,  the recommended length of treatment were in the interval of
3–6 days and 5–7 days, respectively (Anon., 2016).
In the data describing the investigated farms, there were no sta-
tistical difference in farm size, while the proportion of SPF farms
differed between the three cohorts (p =  0.010), and among SPF
farms, PRRS-DK was the only SPF pathogen, where the prevalence
differed signiﬁcantly (p =  0.034) (Table 1).
4. Discussion
This study demonstrated a signiﬁcant increase in the total
amount of antimicrobials prescribed for ﬁnisher farms, when there
was a change from non-water-soluble to water-soluble treatments.
A similar change was not seen in farms, which retained their
group treatment procedure. Antimicrobials added to feed are often
administered at pen level, while antimicrobials added to water are
typically administered at section level. Therefore, this change in
administration procedure can be expected to lead to an increased
number of treated pigs and therefore a  larger amount of prescribed
antimicrobials.
Unexpectedly, the amount of antimicrobials used was signiﬁ-
cantly smaller in Cohort Change 2008 compared to Cohort Feed
2008 (Fig. 2). This might be explained by a  lower frequency of respi-
ratory  disorders as observed in the prescription pattern. From 2008
to 2009, the proportion of  antimicrobials prescribed for respiratory
disorders increase from 8% to 16% in Cohort Change reaching the
proportion as Cohort Feed. Simultaneously, the antimicrobial usage
of  Cohort Change increased to the level of Cohort Feed. Opposite,
Cohort Water had a  signiﬁcantly higher antimicrobial usage as well
as  a  higher proportion of antimicrobials for respiratory disorders.
Thus, we cannot exclude that the level of respiratory diseases may
have affected the amount of antimicrobials used in Cohort Change.
An alternative explanation could be that farms changing their pro-
cedure of group treatment simply are characterized by having an
initially low usage of antimicrobials.
In reality Cohort Water consists of farms treating in water and
farms treating in wet-feed. No Danish register holds information
on the type of feeding, and it was therefore not possible to divide
water treatments into these two  groups. In  principle, farms in
Cohort Change could have changed feeding procedure, from dry-
to wet-feed, instead of treatment procedure, from feed- to water.
However, both dry feed and wet feed administered antimicrobials
are usually administered at  the pen-level. Therefore, we would not
expect such a  change to lead to changes in the amount of prescribed
antimicrobials.
When recommended times of treatment were compared to the
prescribed types of antimicrobials, there were no indications that
the  increased amounts could be caused by changes to types of
antimicrobials with longer treatment times.
According to the registers, the only changes experienced by the
farms included in the study population were related to the treat-
ment procedures, meaning that there were no changes in farm size
or  infection status. However, since this study is based purely on
register data, we do not have any information on management prac-
tices or changes in management. Furthermore, we  do not have any
information on the disease status in the farms, with the exception
of those farms and diseases included in the SPF register.
In  Denmark, the majority of antimicrobials for oral use  (and thus
for group treatments) are administered for weaners (Jensen et al.,
2014), and it would have been optimal to investigate antimicro-
bial use in this population. However, the number of weaners was
not originally registered in CHR, making the number of registered
ﬁnishers a  more reliable measure.
5. Conclusion
This study demonstrated that a  change in group treatment pro-
cedure from feed to water administration resulted in a  signiﬁcantly
higher use of antimicrobials. However, we  cannot exclude that
changes in occurrence of clinical disease may  have inﬂuenced the
ﬁndings. The ﬁndings of  this study indicate that when considering
the total use of antimicrobials in intensive pig production, more
attention should be given to group treatment and the methods of
drug delivery.
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a b  s  t r  a c  t
High  antimicrobial  usage and  multidrug  resistance have  been  reported  in veal calves  in Europe.  This  may
be  attributed  to a  high risk  of disease  as veal  calves  are often purchased  from numerous  dairy  herds,
exposed  to stress related to the transport and  commingling  of new  animals, and fed a  new  ration.  In  this
study,  we  used  national register data to  characterize  the use of antimicrobials  registered  for  large  Danish
veal  calf  and  young  bull producing herds in  2014.
A total  of 325 herds with  veal calf  and potentially  young  bull  production  were  identiﬁed  from the Danish
Cattle  database.  According  to the national  Danish  database on drugs  for  veterinary use  (VetStat), a  total
of  537,399 Animal Daily  Doses  (ADD200)  were registered  for  these  325  herds during  2014.  The  amount
of  antimicrobials  registered  in 2014 varied throughout  the year, with  the highest  amounts  registered  in
autumn  and  winter.  Antimicrobials  were registered  for respiratory  disorders  (79%),  joints/limbs/CNS dis-
orders  (17%), gastrointestinal  disorders (3.7%) and  other  disorders  (0.3%). Of the registered  antimicrobials,
15%  were for oral and  85%  for  parenteral administration.  Long-acting  formulations with  a  therapeutic
effect  of more  than  48  h covered  58%  of the drugs  for parenteral  use.  Standardized at  the herd-level, as
ADD200/100  calves/day,  antimicrobial use distributed  as  median  [CI95%] for  starter herds (n  = 22): 2.14
[0.19;7.58],  ﬁnisher  herds  (n =  24): 0.48 [0.00;1.48],  full-line  herds  (n  = 183): 0.78 [0.05;2.20]  and  herds
with  an  inconsistent  pattern of movements (n  = 96): 0.62  [0.00;2.24]. Full-line herds are  herds,  which
purchase  calves  directly  from a dairy  herd  and raise  them  to  slaughter.
Furthermore,  we  performed  a  risk  factor analysis  on  the 183 herds  with  a full-line  production.  Here,
we  investigated,  whether the number  of suppliers, the number of calves  purchased,  the  frequency  of
purchase,  the average age  at introduction,  the average  time  in the herd  and  vaccination  inﬂuenced  the
amount  of antimicrobials  used in the  herds. The  ﬁnal  multivariable  regression  analysis  revealed  that the
number  of calves  introduced was positively  associated with  the antimicrobial  use in the  herd.
© 2016 Elsevier B.V. All rights reserved.
1. Introduction
High antimicrobial usage and multidrug resistance have been
found in Belgian and Dutch veal calves (Catry et  al., 2007; Pardon
et al., 2012a; Bos et al., 2012). In the same countries antimicrobial
usage in veal calves has been found to exceed that of pig, poultry,
dairy and beef cattle production (Pardon et  al., 2012a; Bondt et al.,
2013). An explanation may be that producers of  pigs and poultry
receive animals from a limited number of  suppliers, while veal calf
producers typically purchase calves from numerous dairy herds.
A large number of suppliers, new feed and stress related to the
∗ Corresponding author at: The  National Veterinary Institute, Technical University
of  Denmark, Bülowsvej 27, 1870 Frederiksberg C, Denmark.
E-mail addresses: memun@vet.dtu.dk (M.  Fertner), ntoft@vet.dtu.dk (N. Toft),
hlm@seges.dk (H.L. Martin), anebo@vet.dtu.dk (A. Boklund).
transport and commingling of new animals exposes veal calves to a
high risk of  disease and may  explain the higher use of antimicrobials
(Pardon et  al., 2012a).
Veal  calf production can generally be  divided into two types;
white and rosé veal calf production. White veal calves are primarily
fed on calf milk replacer and are slaughtered at around 6–8 months
of age, while rosé veal calves are weaned in the beginning of the
fattening period and subsequently fed on roughage and concen-
trate, until they are slaughtered at  around 8–12 months of  age (Bos
et al., 2012). Additionally, rosé veal calf production can be divided
into rosé starter and rosé ﬁnisher herds with large differences in
antimicrobial usage (Bos et al., 2013).
Denmark only produce rosé veal calves. The vast majority of
Danish rosé veal calves, are bull calves purchased from domes-
tic dairy herds. Some of the calves are slaughtered as veal (8–12
months of age) (EU Regulation EC, 2007), while some are slaugh-
tered as young bulls (>12 months of age) (Danish Agriculture and
http://dx.doi.org/10.1016/j.prevetmed.2016.07.004
0167-5877/© 2016 Elsevier B.V. All rights reserved.
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Food Council, 2016). In 2014, around 200,000 veal and young
bulls were slaughtered in Denmark (Danish Agriculture and Food
Council, 2015). Heifers only make up around 1% of  the total number
of produced calves (SEGES, 2016). After arrival in a specialized veal
calf herd, the calves receive calf milk replacer until around 8 weeks
of age, after which they are typically fed on a ration of grain and
concentrate or on a total mixed ration based on corn silage. The
calves are predominantly Danish Holsteins, though a small per-
centage of them are Holstein crossbreds. Specialized Danish rosé
veal calf producers generally keep the calves in compartments of
multiple straw-bedded pens or cubicles, where each unit may  hold
6–50 calves of the same age, depending on the producer. Typically,
an all-in-all-out production is implemented at pen level, but not at
compartment level. Depending on the facilities, this may  result in
calves of different ages being housed under the same roof, thus
facilitating the transmission of  airborne pathogens (Mars et al.,
1999; Niskanen and Lindberg, 2003).
In herds with a Veterinary Advisory Service Contract, Danish
veterinarians can prescribe drugs for use within 63 days (Anon.,
2016). This means that most Danish veal and young bull producers
have a veterinary visit at least every second month. All prescription-
only drugs for veterinary use are registered in the national database
VetStat, which holds detailed information on each purchase of
drug such as the date, prescribing veterinarian, receiving herd ID,
species, age group and clinical indication (Stege et  al., 2003). In
addition, the Danish cattle database holds detailed information on
all Danish cattle and their movements, including the date of birth,
date of movement and herd ID of the sender and recipient.
There is limited research into the overall disease occurrence in
Danish veal calf production. A study from 1984 found pneumonia
and enteritis to be the predominant diseases (Madsen, 1984). In
Swiss and Belgian white veal calves, respiratory disease was found
to be the main indication for antimicrobial treatment (Pardon et al.,
2012a; Lava et al., 2016b), with a peak incidence in the third week
after arrival (Pardon et al., 2012b). The second most common indi-
cation for treatment of Belgian white veal calves was diarrhea (12%),
while arrival prophylaxis made up 13% of  the treatments (Pardon
et al., 2012a). Group treatments were widely applied in the pro-
duction in both countries (>84%) (Pardon et al., 2012a; Lava et  al.,
2016b).
Recent risk factor studies on white veal calves in Switzerland
have demonstrated purchase of  calves and herd size to be signif-
icantly associated with the use of  metaphylactic treatments (Lava
et al., 2016a), while the  lack of quarantine and clinical examina-
tion upon arrival, as  well as shared airspace for several groups
of calves were associated with an increased antimicrobial usage
(Lava et al., 2016b). To  the best knowledge of the authors, no risk
factor study on rosé veal calf production has so far been carried
out. Therefore, based on register data, our aim was to characterize
antimicrobial usage in  Danish veal calves speciﬁed in the following
two objectives:
a  Describe the total amount of  antimicrobials registered for all
large  Danish herds with a veal calf and potentially young bull
production in 2014.
b Identify risk factors inﬂuencing the amount of antimicrobials reg-
istered at herd level in large Danish herds which purchased calves
and  raised them to slaughter (full-line production).
2. Materials and methods
2.1.  Study population
Based  on the Danish Cattle database, herds included in the study
population had to fulﬁll the following three criteria:
1. No delivery of milk to a dairy in 2014
2.  Slaughter more than 100  bull calves in 2014
3.  Less than 80% of the cattle in the herd should be of dairy or  mixed
breeds
Bovines  which had stayed in one of the study herds in the
period 01  January, 2014–31 December, 2014 were included. For
these animals, all movements were extracted from the Danish Cat-
tle database until 31 December 2014. Based on the deﬁnition of
veal by the European Council (EU Regulation EC, 2007), calves were
deﬁned as being less than 366 days of  age  at the time of  slaughter.
Only bovines which were calves (<366 days of age) at the time of
introduction in one of the study herds were retained in the ﬁnal
dataset.
For each calf, we  consecutively numerated each herd through
which the calf had passed, aside from the originating dairy herd,
markets and delivering traders. Based on this, we  deﬁned four dif-
ferent types of herds: Starter and full-line herds, where ≥95% of the
calves entering the herd came directly from the herd where they
were born (possibly through a market or delivery trader); and ﬁn-
isher herds, where ≥95% of  the entering calves came from a starter
herd. Herds with a low  average age of exit (<250 days) or a high
variance in the  age  at  exit (>10 days) were checked manually, to
differentiate starter and full-line herds. Herds, which did not fulﬁll
the deﬁnitions of  starter, ﬁnisher or full-line herds, were deﬁned as
herds with inconsistencies in movements.
The number of registered calves on the ﬁrst day of  each month
was extracted from the Danish Cattle database. We  calculated a
weighted herd size for 2014 based on this information and taking
into account the number of days in  each month. Additionally, calf
mortality from day 0–180 was calculated for each herd as a mod-
iﬁed Kaplan-Meier estimate. The Kaplan-Meier estimate follows a
speciﬁc cohort of  calves during the ﬁrst 180 days of their lives, for
which a mortality risk is calculated as  the number of  fallen and
euthanized calves divided by the number of calves at risk (Nielsen
et al., 2010). Due to availability of  data, the  calf mortality was stated
for the period between 01  October, 2014 and 30 September, 2015,
covering calves born between 01 April, 2014 and 31 March, 2015.
For each herd, we  summarized the number of calves purchased, the
average age at introduction, the average time in  the herd, frequency
of purchase, purchase from markets and delivering traders, and the
number of suppliers (excluding delivering traders and markets).
Furthermore, we  calculated the proportion of  calves slaughtered
<366 days of  age out of the total number of slaughtered bovine.
2.2. Antimicrobial prescriptions
In  VetStat, all prescription-only drugs for production animals are
registered in  detail at the time of purchase by farmers (from either
pharmacies or veterinarians) (Stege et al., 2003). We  retrieved
records on antimicrobials for calves registered by  both pharmacies
and veterinarians in 2014 from VetStat on 01 June, 2015. Antimi-
crobials registered by veterinarians were manually checked and
systematic errors were corrected. Furthermore, registrations with
an invalid code of indication (e.g. disease in  other species) were
deleted.
For each herd in the study, the  amount of antimicrobials regis-
tered in VetStat for calves was used as a measure for the amount of
antimicrobials used. Antimicrobials were quantiﬁed as the num-
ber of Animal Daily Doses (ADD200) (Jensen et al., 2004). Based
on the ofﬁcial Danish quantiﬁcation of antimicrobials, we  used a
standard weight of  200 kg  for calves (personal communication Erik
Jacobsen, Danish Veterinary and Food Administration). The stan-
dard dose, ADD200 corresponds to the treatment of one 200 kg
calf for one day. For comparison between herds, the amount of
antimicrobials was  standardized in  agreement with the ofﬁcial
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unit as the number of Animal Daily Doses per 100 calves per day
(ADD200/100 calves/day). This unit approximates the percentage
of calves treated daily at  the herd assuming that all calves weigh
200 kg (Anon., 2014). Based on the Anatomical Therapeutic Chem-
ical classiﬁcation system, antimicrobial products were grouped
according to active substance as amphenicols, combination prod-
ucts (all except sulphonamide/trimethoprim and lincospectin),
macrolides, sulphonamide/trimethoprim, tetracyclines, simple or
extended-spectrum penicillin products, lincospectin, lincosamides,
cephalosporin, aminoglycosides and colistin. The products were
further characterized as intended for parenteral or  oral use, based
on the deﬁnitions in VetStat. Clinical indication according to diag-
nostic grouping in  VetStat (Stege et  al., 2003) was categorized as
gastrointestinal, respiratory, joint/limbs/Central Nervous System
(CNS) or other disorders (covering the three VetStat diagnostic
groups reproduction, udder and metabolism as well as missing dis-
orders). In addition, information about registered vaccines against
respiratory disorders was extracted.
2.3. Statistical analyses
For  all large Danish herds producing veal calves and young
bulls, a descriptive analysis was performed, including the total
amount of antimicrobials registered, quantiﬁed as ADD200,  accord-
ing to months of registration, route of  administration, antimicrobial
active substance and clinical indication, as stated in VetStat.
For full-line herds, we performed a multivariable regression
analysis with ADD200/100 calves/day as the response variable.
Potential risk factors included: Herd size, number of suppliers,
number of calves purchased, frequency of purchase, average age
at introduction, average time in the herd and vaccination.
The number of  calves introduced was 10 log-transformed to
improve linearity with the outcome. Additional continuous risk fac-
tors with a non-linear relationship with the outcome were each
categorized into three categories according to their distribution.
Prior to categorization, the correlation between all continuous
explanatory variables were investigated two at a time, and if Spear-
man’s coefﬁcient >0.6 only one of the parameters was included in
the ﬁnal model.
Initially,  each possible risk factor was tested with the outcome in
a univariable analysis. If  found to be signiﬁcant (p <  0.05), pairwise
post-test comparisons were performed using the contrast proce-
dure in the Least-Squares Means package in R (Lenth and Herv,
2015). For the multivariable analysis, all factors sufﬁciently asso-
ciated with the outcome (p < 0.20 in  univariable analysis) were
included. All biologically plausible interactions were assessed indi-
vidually to see, if they signiﬁcantly improved the model including
all risk factors. Following this, the model with all risk factors was
reduced by stepwise backward elimination. To  improve the resid-
uals of the model, the outcome was Box-Cox transformed. Due to
null-values, we added half the minimum value to the outcome prior
to the Box-Cox transformation.
Data  management was carried out using the software SAS® (SAS
Institute Inc., 2014), while statistical analyses were performed in R
(R Core Team, 2014).
3.  Results
3.1. Descriptive analyses of the study population
A total of 333 herds fulﬁlled the initial inclusion criteria. Sub-
sequently, 8 herds were excluded due to cessation (1), systematic
incorrect registrations (1), partly beef production (2) and combined
starter-/full-line production (4).
Fig. 1. Variation in the amount of registered antimicrobials in  2014 for 325 Danish
herds  producing veal calves and young bulls. Antimicrobials are quantiﬁed as Animal
Daily Doses for calves (ADD200), illustrated according to the month of prescription.
Of the cattle present in the remaining 325 herds, 242,474 (98.7%)
of them had entered one/more study herds as calves <366 days of
age and 3224 (1.3%) as bovine ≥366 days of age. The latter category
of cattle was excluded from further analysis. Of  the 242,474 calves
entering, 176,897 (73.0%) were slaughtered as veal (<366 days)
with a median slaughter age at 300 days, CI95% [271;354], while
43,780 (18.1%) were slaughtered as young bulls (≥366 days), with
a median slaughter age of  403 days, CI95% [369;814] at the time of
slaughter. The remaining 21,797 (9.0%) calves were not slaughtered
prior to 01 January, 2015.
Based on the movement of calves, we  deﬁned 22 starter herds,
24 ﬁnisher herds, 183 full-line herds and 96 herds with inconsistent
movements of calves. Herds with inconsistencies in movements
received calves by the second to seventh movement of the calf after
it left  the dairy herd (average 2.3 movements).
The majority of starter-, ﬁnisher and full-line herds slaughtered
more than 90% of their calves as veal <366 days of  age, while herds
with inconsistent movements slaughtered a  larger proportion of
young bulls ≥366 days (Table 1).
In total, twelve herds purchased calves from delivering traders
and 19  herds purchased from markets. From these sources, the
herds received a median number of six  calves (ranging from 1  to
398) and nine calves (ranging from 1 to 269), respectively.
3.2. Descriptive analyses of antimicrobials registered for all large
Danish  herds producing veal calves and young bulls
In 2014, a total of 1,062,376 ADD200 were registered for calves
in VetStat. Of  these, 537,399 ADD200 (51%) were registered for
the selected 325 large veal calf and young bull producing herds,
with 532,438 ADD200 (99%) originating from pharmacies and 4961
ADD200 (1%) from veterinarians.
The  amount of antimicrobials varied between seasons, with the
largest amounts of antimicrobials registered in autumn and winter
(September–February) (Fig. 1).
Of the registered antimicrobials, 85.4% were for parenteral use
and 14.6% for oral use. Long-acting formulations with a therapeu-
tic effect of  more than 48 h  covered 58% of all antimicrobials for
parenteral use. Amphenicols, macrolides and extended penicillins
were the primary active substances of long-acting formulations. For
oral use, the majority of  antimicrobials were soluble tetracyclines
(Fig. 2).  Lincospectin, lincosamide, cephalosporin, aminoglycoside
and colistin only covered a total of 1603 (0.3%) ADD200 and are
therefore not illustrated in Fig. 2.
Respiratory disorders were the primary indication for antimi-
crobial use, accounting for 78.9% of all ADD200 in 2014.
Joints/limbs/CNS disorders accounted for 17.1%, gastrointestinal
disorders for 3.7% and other conditions for 0.3% of the total amount
of ADD200 (Fig. 2).
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Table  1
Characteristics of 325 Danish herds producing veal  calves and young bulls in  2014. Herds are characterized according to their type of production as either starter, ﬁnisher,
full-line or herds with inconsistent movements. Values are presented as the median and 95% conﬁdence interval.
Starter Finisher Full-line Inconsistent
Number of herds 22 24 183 96
Number of introduced calvesa 1597 [445;3764] 512 [186;2074] 474 [203;2533] 524 [226;2349]
Proportion of veal calves producedb 0.97 [0.32;0.99] 0.97 [0.12;1.00] 0.94 [0.18;1.00] 0.60 [0.21;0.99]
Number of purchases (in 2014)c 71 [25;169] 21 [7;35] 53 [18;115] 63 [19;135]
Number of suppliersd 27 [6;65] 1 [1;7] 8  [1;70] 14 [2;75]
Average age at introduction (days) 32 [27;44] 151 [100;266] 32 [19;98] NA
Average length of time in herd (days) 172 [97;210] 166 [112;276] 263 [220;374] 257 [94;483]
Number of herds using vaccines 3 0 17 5
Mortality day 0−180 (%)e 4.2 [0.00;10.0] 0.0 [0.0;10.3] 3.7 [0.2;11.8] 4.0 [0.0;19.0]
a Total number of introduced calves during 2014.
b Of the number of calves passing through the herd, the proportion of veal calves has been calculated as the number of calves slaughtered as  veal (<366 days of age) divided
by the number of cattle slaughtered (≥366 days of age) (which entered the herd as calves).
c Frequency of purchase is  deﬁned as the number of  days during 2014, where the herd received calves.
d Seven full-line herds had more than one supplier.
e Information on mortality was  not available for 52 herds, covering three starter, eight ﬁnisher, 16 full-line and 24 herds with inconsistent movements.
Fig. 2. Antimicrobials according to active substance and clinical indication registered for use in 325 Danish herds producing veal calves and young bulls in  2014. The total
amount of the seven most registered antimicrobial active substances. Antimicrobials are quantiﬁed as Animal Daily Doses for a calf (ADD200).  Dark colors indicate parenteral
and light colors oral administration. Combination drugs all include Penicillin-combination drugs.
Antimicrobials registered for respiratory disorders primarily
included macrolides (37%) and tetracyclines (34%), while simple
penicillins (50%) were most often registered for joints/limbs/CNS
disorders, and sulphonamides/trimethoprim (39%) and tetracy-
clines (33%) for gastrointestinal disorders.
Standardized at the herd-level, antimicrobial use, measured as
ADD200/100 calves/day, distributed as follows (median [CI95%])  for
starter herds (n = 22): 2.14 [0.19;7.58], for ﬁnisher herds (n =  24):
0.48 [0.00;1.48], for full-line herds (n =  183): 0.78 [0.05;2.20] and
for herds with an inconsistent pattern of  movements (n = 96):
0.62 [0.00;2.24]. Starter herds used signiﬁcantly more antimicro-
bials than all other herd types (p <  0.001), while no difference was
demonstrated in antimicrobial usage between any of the other pro-
duction types (Fig. 3).
3.3.  Risk factors for use of antimicrobials in large Danish full-line
herds  producing veal calves and young bulls
Of the previously described 325 herds, 183 had a full-line pro-
duction and were included in the risk-factor analysis. Of these
herds, 6 (3%) had not purchased antimicrobials in 2014.
Several of the investigated risk factors were correlated, and
therefore not all factors could be included in the model. The number
of suppliers was positively correlated with the herd size (Spear-
man’s coeff = 0.67) and the number of  inserted calves (Spearman’s
coeff = 0.69), like herd size was correlated with the number of
inserted calves (Spearman’s coeff = 0.98). We  kept the  number of
inserted calves in the model, since we found this to be the most
valid parameter of the investigated parameters.
Fig. 3. Antimicrobials registered in relation to herd type in 325 Danish herds pro-
ducing veal calves and young bulls. Antimicrobials are quantiﬁed as Animal Daily
Doses (ADD200) per 100 calves per day.
In the univariable analyses, antimicrobial usage was  signiﬁ-
cantly higher in herds with a short average length in the herd
(<291 days), large number of purchases per year (>61) or a large
number of  introduced calves. Herds which introduced calves at
a low (12–28 days) or high (35–240 days) age had a signiﬁcantly
lower use of  antimicrobials than herds where calves were intro-
duced at a medium (39–34 days) age. Herds introducing young
calves kept the calves signiﬁcantly longer time in  the herd, com-
pared to herds which introduced calves older than 29 days of age
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Table 2
Univariable comparisons of risk factors for the amount of registered antimicrobials in 183 Danish herds producing veal calves and young bulls in 2014. Antimicrobials are
standardized at the herd level as Animal Daily  Doses (ADD200) per 100 calves per day.
Potential categorical risk factors Number of herds (%) ADD200/100 calves/day median [CI95%] p-valuea
Average age at introduction (days) <0.001
12–28  62 (34) 0.73 [0.15;1.73]a
29–34 48 (26) 1.27 [0.32;2.30]
35–240 73 (40) 0.60 [0.00;2.09]a
Average length of time in herd (days) <0.001
131–255  56 (31) 1.10 [0.00;3.19]a
256–290 61 (33) 0.86 [0.21;2.14]a
291–641 66 (36) 0.47 [0.06;1.31]
Number of purchases (in 2014) 0.004
7–45  65 (36) 0.59 [0.00;2.01]a
46–60 52 (28) 0.60 [0.19;2.14]a
61–233 66 (36) 0.96 [0.18;2.49]
Purchase of calves from markets or delivering traders 0.980
−  174 (95) 0.78 [0.05;2.24]
+  9  (5) 0.83 [0.29;1.67]
Vaccination 0.927
−  166 (91) 0.77 [0.05;2.26]
+  17 (9)  0.83 [0.28;1.97]
Potential continuous risk factors Estimate SE
Log10 (Calves introduced) 1.52 0.13 <0.001
a For categorical variables, a t-test or ANOVA was performed on the Box-Cox transformed outcome ((ADD200/100 calves/day + 0.00275)0.424).  Superscripts of lower case
letters indicate non-signiﬁcance in the antimicrobial usage between strata of the given variable. For the continuous variable, the result from the univariable linear regression
on a non-transformed outcome is  presented.
Fig. 4. Prediction lines for the antimicrobial usage based on the number of intro-
duced  calves in 183 Danish full-line herds producing veal and young bulls. Prediction
lines are estimated based on a linear regression analysis with the number of intro-
duced calves as only signiﬁcant risk factor for antimicrobial usage in Danish veal
calf herds. The x-axis is on the log-scale.
(p = 0.037). No effect was demonstrated from purchase from mar-
kets/delivering traders or vaccination (Table 2). Only one vaccine
was used against respiratory disorders. This was a combination vac-
cine holding inactivated bovine respiratory syncytial virus (BRSV),
parainﬂuenza-3-virus (PI-3) and Mannheimia haemolytica serotype
A1.
The initial regression analysis included average age  at introduc-
tion, average length of time in the herd, frequency of  purchase,
vaccination, breeding of  own calves and number of calves intro-
duced. The ﬁnal model had (ADD200/100 calves/day +  0.00275)0.424
as outcome and log10(number of  introduced calves) as only signif-
icant risk factor (p < 0.001) with an  intercept of  −1.04 (SE = 0.16)
and an estimate of 0.70 (SE = 0.06). The predicted antimicrobial
use (back-transformed) as a function of  the number of introduced
calves is presented in Fig. 4.
4.  Discussion
Antimicrobials registered for the selected 325 large veal calf and
young bull producing herds, covered 51% of the total amount of
antimicrobials registered for calves in Denmark. The majority of
antimicrobials (78.9%) were registered for respiratory disease. This
is in line with previous studies showing bovine respiratory disease
to be the clinical indication of 56.1% (Pardon et  al., 2012b) to 73%
(Lava et al., 2016b) of the  antimicrobial treatments. Penicillin is  the
recommended ﬁrst drug of  choice for respiratory diseases (SEGES
Dairy and Beef Research Centre et al., 2013), yet, in our study, this
accounted for only 9% of the antimicrobials registered for respi-
ratory disorders (Fig. 2).  Incongruence between recommendations
and use may  be due to tradition, unawareness or a lack of  clinical
effect.
The second largest amount of antimicrobials was registered for
joints/limbs/CNS disorders (17.1%). This VetStat category includes
a number of  various disorders which clinically are not related, e.g.
omphalitis, arthritis, otitis media and interdigital phlegmon. Based
on VetStat registrations, it is not possible to specify which clin-
ical conditions registered drugs are supposed to target. Arthritis
is more prevalent in young calves, while interdigital phlegmon
typically is seen in older calves >240 days of age. Hence, a large
amount of antimicrobials may  be used for the latter, but only cover
a relatively small number of treatments due to the treatment of
heavier cattle (Ortman and Svensson, 2004). Pardon et al. (2013)
found otitis and arthritis to represent 1.5% and 1.6% of  the ini-
tial causes of antimicrobial treatment, which can be explained by
a high prevalence of Mycoplasma bovis. M. bovis is highly preva-
lent among veal calves in Europe (Arcangioli et  al., 2008; Radaelli
et al., 2008; Pardon et al., 2013) and North America (Soehnlen
et al., 2012). Recently, M. bovis has also been found in Danish veal
calf herds (Nielsen, 2016) and may  be responsible for a propor-
tion of the treatments of joints/limbs/CNS and respiratory disorders
in young calves. Mycoplasmas are innate resistant to penicillin
(Taylor-Robinson and Bébéar, 1997), which may  explain the rel-
atively low use of  penicillin (Fig. 2).
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Although injection of antimicrobials requires a higher work-
load, more on-farm awareness and well-educated staff (Pardon
et al., 2012a) compared to peroral administration, the vast major-
ity of antimicrobials used in Danish veal calves and young bulls
were administered parenterally (85.4%). Only 14.6% were adminis-
tered orally, in contrast to white veal calf production in Switzerland
(84.6%) (Lava et al., 2016b) and Belgium (95.8%) (Pardon et al.,
2012a). An explanation of this difference in administration routes
may be found in the feeding. Shortage on roughage for white veal
calves reduces ruminal development to a well-functioning fer-
mentative process, enabling oral administration of antimicrobials.
The ofﬁcial Danish guidelines on antimicrobial treatment of cattle
merely recommend oral administration of  antimicrobials for gas-
trointestinal disorders of calves, such as Escherichia coli infections
in preweaned calves. Caution against oral administration is based
on limited absorption, as well as side effects for the intestinal ﬂora
(SEGES Dairy and Beef Research Centre et  al., 2013). Additionally,
oral administration of antimicrobials has been found associated
with the development of  antimicrobial resistance (Bos et  al., 2012;
Burow et al., 2014). Despite the allocation of  oral antimicrobial
treatments for gastrointestinal disorders, the  majority of oral treat-
ments were registered for respiratory disorders (Fig. 2).
Large  variation was seen in antimicrobial usage between herd
types (Fig. 3). As the majority of treatments is targeted respiratory
disorders in the beginning of the fattening period (Pardon et  al.,
2012b), starter and full-line herds are expected to house the major-
ity of diseased calves. In full-line herds, treatment of disease in  the
beginning of the production period is evened out by  a longer time in
the herd, which may  explain the signiﬁcantly lower use of antimi-
crobials compared to starter herds. Compared to Danish pig herds,
Danish veal calf and young bull producing herds seem to use less
antimicrobials. As shown in  Fig. 3, the median standardized usage of
antimicrobials (ADD200/100 animals/day) was 2.14 in starter herds,
0.48 in ﬁnisher herds, 0.78 in full-line herds and 0.62 in herds with
inconsistent movements. The median use of antimicrobials in Dan-
ish pig herds in 2012–2013 was around 8.0 for weaners, 0.8 for
ﬁnishers and 1.8 for sows (Fertner et  al., 2015). This higher usage in
weaner pigs may  be explained three main factors, Firstly, the indi-
cation of treatment differed, with gastrointestinal disorders being
the primarily indication for treatment in pigs (Jensen et  al., 2014),
while respiratory disorders dominated in  large veal calf and young
bull producing herds. Secondly, pigs are categorized into more age-
groups, which imply the standard weights for pigs being closer
to the actual weight at treatment (15  kg (weaners), 50  kg (ﬁnish-
ers) and 200 kg (sows/piglets)) compared to veal calves and young
bulls (200 kg), where the applied standard weight is higher than the
expected weight at treatment. Thirdly, the higher turn-over of  pigs,
where ﬁnishers are slaughtered at the average age  of  5–6  months
(Danish Agriculture and Food Council, 2014) may  explain a higher
usage.
One ADD200 may  represent the treatment of one 200 kg calf or
three 67 kg calves in one day. This means that when we use ADD200
for all veal calf and young bull producing herds, the  estimated num-
ber of treatments in starter herds is likely to be underestimated,
compared to the estimated number of treatments in ﬁnisher herds.
We assumed that all registered drugs for a given age group on a
given herd were actually consumed by that group of animals at the
point in time where the drugs were purchased. This is  most likely
not the case. However, due to the  long study period (one year) we
expect irregularities in purchase patterns to be  evened out to reﬂect
an averagely actual usage.
The  number of introduced calves and the number of suppliers
were strongly correlated, which hindered the inclusion of  both fac-
tors in the ﬁnal risk factor analysis. Both factors are proxies for the
risk of introducing pathogens and may  impact the antimicrobial
usage. Woolums et  al. (2013) found the  detection of  respiratory
disease  in nursing beef calves to be positively associated with
herd size. In addition, Taylor et al. (2010) and Cusack et  al. (2003)
reported commingling of  cattle from various sources to increase the
risk of  respiratory disease, like Lava et  al. (2016a) reported the pur-
chase of veal calves to increase mortality, unwanted early slaughter
and the application of  metaphylaxis. Taylor et  al. (2010) further
reported purchase of  calves from markets as  a risk factor of  respira-
tory disease. As demonstrated in our results, relatively few calves
were sold on markets or  through delivering traders in Denmark,
which may  explain, why  we did not see an  effect of these factors
on the amounts of antimicrobial used. Due to the setup of  the study
as purely based on data from registers, it was not possible to study
the effect of inﬂuencing factors in the management such as housing
and shared air space.
Registration of purchased vaccines against BRSV, PI-3 and
Mannheimia haemolytica serotype A1 was  not found to inﬂuence
the amount of antimicrobials. Due to the limited amount of herds
using vaccines, we chose to dichotomize the variable in the risk
factor analysis, as usage or not. A part of  the insigniﬁcance may
be explained by  the limitations in our data. We only evaluated the
effect on vaccination in the  veal calf and young bull producing herd
and not in the supplying dairy herd. Neither did we evaluate the
administration procedure. An optimal vaccination program would
require the supplying dairy herd manager to administer the vaccine
2–3 weeks prior to delivery in order to ensure sufﬁcient immunore-
sponse at the time of  arrival in the veal calf herd (Cusack et al.,
2003). Another explanation of the insigniﬁcance may be found in
the variety of pathogens. In Denmark, the most prevalent pathogens
isolated from severe outbreaks of  calf pneumonia in mono- or
multi-culture include BRSV, Pasteurella multocida, Histophilus som-
nus, Mannheimia haemolytica, Trueperella pyogenes (Tegtmeier et  al.,
1999), Bovine coronavirus (Liu et al., 2006) and recently M. bovis
(Nielsen, 2016), while PI-3 seems to play a minor role (Tegtmeier
et al., 1999). Hence, a  range of other pathogens may be involved
in respiratory disorders than those three included in the vaccine.
Cusack et al. (2003) did also not ﬁnd any  effect of  vaccination
on the prevalence of respiratory disorders and attribute the  non-
signiﬁcance to the possibility of  multiple pathogens being involved
in the infection, making it infeasible to vaccinate against all.
Studies  on antimicrobial treatment incidences in white veal
calves in  European countries have previously been carried out
(Pardon et  al., 2012a; Lava et al., 2016b). Treatment incidences
in these two  studies were not comparable to  our results due
to two  issues: The lack of standardized standard dosages and
the lack of standardized standard weights. Approved dosages of
products with identical active substance and administration route
have been found to differ almost four-fold between countries and
up to ten-fold within the same country (Postma et al., 2015).
Likewise, a consensus on approved standard weight is lacking. Pre-
vious publications have suggested or  applied standard weights of
164 kg  (Pardon et al., 2012a; Lava et  al., 2016a,b), 140 kg (European
Medicines Agency, 2015) and 172 kg (MARAN, 2016). Considering
the large differences between white and rosé veal calves, it  might
be worthwhile to differentiate standard weights as done in the
Netherlands (white (160 kg), rosé starter (77.5 kg) and rosé ﬁnisher
(232.5 kg)) (Bos et al., 2013).
In VetStat, calves are deﬁned as all bovines that have not calved.
Hence, it  is not possible to distinguish between heifers, young bulls
and veal calves. We therefore excluded herds which seemed to pro-
duce heifers for dairy herds. Despite of the selection of large veal calf
producers only, we still found quite some variation in  production,
e.g. herds producing both veal and young cattle. This may  indicate
a more heterogeneous Danish veal calf production compared to
countries with a larger production of veal calves (Bos et  al., 2012).
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5. Conclusion
Based on register-data, we  characterized the amount of used
antimicrobials for large Danish herds producing veal calves
and young bulls in 2014. Respiratory disorders followed by
joints/limbs/CNS disorders were the diagnostic groups for which
most antimicrobials were registered. The majority of  antimicrobials
were administered parenterally (85.6%), mainly with long-acting
formulations.
For full-line herds we found the number of introduced calves to
be positively associated with the amount of registered antimicro-
bials.
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Abstract 
Background: Health, productivity and antimicrobial use in the production of pigs are expected to be interrelated 
to some extent. Previous studies on register-based data have investigated these correlations with a subsequent 
large variation residing at the farm level. In order to study such farm factors in more detail we designed an elaborate 
interview-guide. By in-depth interviews of farmers with well-managed 7–30 kg (weaner) productions we sought to 
describe a set of common key-factors characterizing their management practices. Identiﬁcation of such common 
practices could be used in follow-up projects, investigating whether identiﬁed factors really are characteristic for 
good-practicing famers.
Results: Eleven farms were selected for a farm visit and in-depth interview. Participating farms used less antimicrobi-
als than the national median (8.2 animal daily doses/100 weaners/day), had a mortality below the national average 
(2.9%) and an average daily weight gain above the national average (443 g/day). Similarities were observed among 
participating farms, including the sectioning of farms, use of all-in-all-out procedures with subsequent cleaning, 
purchasing 7 kg weaners from only one source, as well as active participation in management by a committed farm 
owner. Most farmers had a speciﬁc point of focus in their management, and were convinced that this was the reason 
for their success. This included; feeding, treatment strategy, refurbishment of facilities and presence in the shed.
Conclusion: According to register data, participating farms were alike; in the good league regarding use of anti-
microbials, mortality and daily growth. However, on-farm interviews elucidated more heterogeneity among farm-
ers than expected. Most of the farmers had a speciﬁc point of focus, which they considered to be crucial for their 
good results. These results indicate the importance of non-registerable factors, highlighting the value of qualitative 
study techniques in the understanding of human actions. Further studies on the eﬀect of various farmer types are 
recommended.
Keywords: Swine, pig, Antibiotic use, Management, Health
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Background
Several databases with information regarding farm char-
acteristics, infection status and antimicrobial use in pig 
farms are available in Denmark. Previous studies have 
investigated how much of the between-farm variation in 
antimicrobial use can be attributed to risk factors present 
in such registers. Variation at farm level has been found 
to constitute 38% [1] and 40% [2] of the total variation, 
underlining the importance that management, housing 
and the individual farmer have on the use of antimicro-
bials. Alternative study designs are therefore required to 
augment the value of register-based data.
Health, productivity and antimicrobial use at a farm 
are expected to be interrelated to some extent. Growth-
enhancing eﬀects of antimicrobials added to the feed in 
sub-therapeutic concentrations are well-known [3]. Fur-
thermore, studies on the eﬀect of phasing out growth 
promoters have shown an increased incidence of gastro-
intestinal disorders among weaners in Denmark [4]. Swe-
den experienced an increased post-weaning mortality 
and decreased growth rate among weaners [5], which was 
not conﬁrmed in Denmark [6].
Open Access
*Correspondence:  memun@vet.dtu.dk 
1 Section for Epidemiology, National Veterinary Institute, Technical 
University of Denmark, Bülowsvej 27, 1870 Frederiksberg C, Denmark
Full list of author information is available at the end of the article
97
Page 2 of 8Fertner et al. Acta Vet Scand  (2015) 57:38 
Antimicrobials prescribed for animals are reserved for 
therapeutic and metaphylactic purposes in the European 
Union [7]. A clear link can therefore be expected between 
the incidence of disease and amount of antimicrobials 
used. Additionally, it is recognized that a number of man-
agement-related parameters, as well as variation in treat-
ment procedures can inﬂuence the use of antimicrobials 
in terms of disease-preventing initiatives. Procedures for 
disease prevention such as sectioning [8], hygiene [8] and 
handling of diseased pigs [9] have been negatively cor-
related with the use of antimicrobials. Due to its close 
link with gastrointestinal disorders [10, 11], feeding is 
also expected to have a signiﬁcant inﬂuence on the use 
of antimicrobials in weaners. Treatment-related factors 
include the farmers’ perception of metaphylaxis, the abil-
ity to identify clinically-diseased pigs, and compliance 
with veterinary recommendations for treatment.
Denmark produces more than 30 million fattening 
pigs per year and is one of the world’s largest exporters 
of pork [12]. Among the European countries produc-
ing a similar amount of pork (Germany, Spain, France, 
Poland, Italy and the Netherlands) [12], Denmark has 
the lowest rate of antimicrobial use per animal [13]. Due 
to the large number of animals involved, pig produc-
tion accounted for 76% of the veterinary antimicrobi-
als prescribed in Denmark in 2012 [14] and it therefore 
receives the main political focus in terms of antimi-
crobial use. Calculated as animal daily doses (ADD) 
the majority of prescribed antimicrobials for pigs are 
administered for weaners (7–30  kg pigs), and mainly 
for gastrointestinal disorders [15, 16]. Since 2000, the 
amount of prescribed antimicrobials for all farms has 
been recorded in a Danish national database, VetStat 
[17]. However, parameters such as health, productiv-
ity and management practices for 7–30 kg pigs are not 
available in any national register. Average daily weight 
gain and mortality may be used as objective prox-
ies for health and productivity, since diseased pigs are 
expected to have a reduced weight gain and may die 
[18]. Yet both these parameters are solely recorded on-
farm, complicating the access of these data.
Our study examines well-managed farms: farms, which 
have overcome the apparent paradox of having a low rate 
antimicrobial use, simultaneously combined with low 
mortality and high productivity. It was our hypothesis 
that well-managed 7–30 kg (weaner) productions have a 
set of common key-factors characterizing their manage-
ment practices. Using a semi-qualitative study design, 
we were able to obtain a detailed knowledge about the 
farms and their owners. This allowed us to further elu-
cidate issues on which it is not possible to make infer-
ences based on the information from national databases. 
The objective was to identify management-related factors 
which, according to the farmers’ own perceptions, were 
the primary reasons for their positive results.
Methods
Participating farms were identiﬁed by the following 
selection procedure. Eleven veterinarians working in pig 
practice and representing diﬀerent geographical regions 
and various veterinary practices, were contacted by tel-
ephone. Of these, seven agreed to participate in the 
study. They were encouraged to send a list of their clients 
with the lowest rates of antimicrobial use, and the high-
est rates of health and productivity. To fulﬁll the selec-
tion criteria, farms had to produce 7–30 kg pigs and not 
be organic or free-range. Each veterinarian selected three 
to eight of their aﬃliated pig farms, giving a total of 46 
farms. The amount of prescribed antimicrobials for each 
of the farms was subsequently calculated, based on Vet-
Stat data. The national database VetStat receives infor-
mation on prescribed antimicrobials from feed mills, 
veterinarians and pharmacies [15, 17]. Data reported by 
pharmacies (comprising more than 98% of all antimicro-
bials prescribed for pigs) for the period of January 1 to 
December 31, 2012, were included in this study. Antimi-
crobials were quantiﬁed as ADD [19, 20]. The number 
of ADD prescribed for weaners was aggregated for each 
farm and divided by the number of weaner days multi-
plied by 100. This standardized unit (ADD/100 wean-
ers/day) approximates the daily percentage of weaners 
treated at the farm. Information on the number of wean-
ers present in each farm was extracted from the Central 
Husbandry Register (CHR). The number of weaners at 
the farm was multiplied by 366 days (number of days in 
2012) in order to compute the total number of weaner 
days.
Of the 46 farms initially selected, only those using less 
antimicrobials than the median of all Danish farms (8.2 
ADD/100 weaners/day) were considered further. These 
32 farms were contacted by telephone. If the farmers 
were interested in participating, they were required to 
forward their eﬃciency control. Eﬃciency control is a 
voluntary registration, which some farmers use to keep 
track of productivity. From the eﬃciency control, mor-
tality and average daily weight gain were used as objec-
tive proxies for health and productivity at the farm. Only 
the farms with weaners with an average daily weight 
gain above the Danish average (443  g/day for weaners 
(7–30  kg)) and a mortality below the Danish averagea 
(2.9%) were included in the study [21]. Farms with new 
infections were excluded, due to the risk of ﬂuctuating 
management practices.
Eleven farms that fulﬁlled the inclusion criteria agreed 
to participate. These farms were visited and the per-
son in charge of the production was interviewed by the 
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corresponding author. Whenever possible, farm visits 
were carried out alongside the monthly veterinary advi-
sory service visit. All visits were executed during Febru-
ary and March 2013. Each farm visit lasted between 2 
and 4 h.
The interviews were structured in a semi open-ended 
manner, as described by Kvale and Brinkmann [22]. The 
structure of the interview was further discussed with an 
experienced interviewer. Due to the delicate topic of dis-
cussion, the decision was made not to record the conver-
sations. The interview guide is available upon request. 
Typically, a farm visit started with a general assessment 
of the farm, conducted in association with the veterinar-
ian. A thorough explorative interview was then conducted. 
Parameters expected to inﬂuence the antimicrobial use, 
health, and productivity at the farm including; employees, 
housing, management, hygiene, feed, biosecurity, move-
ment of pigs and treatment procedures were addressed 
in the interview. Identiﬁcation of these eight categories 
of questions were based on literature review prior to the 
study and subsequently presented to two specialized pig 
veterinarians to ensure inclusion of all important risk fac-
tors. Additionally, the farmer was asked what he/she con-
sidered the primary reasons for their successful production 
results. Five veterinarians were aﬃliated with these eleven 
farms and were interviewed separately. Veterinarians were 
ﬁrst asked what they saw as the most important factors for 
a successful weaner production, and then they were asked 
to characterize their participating farms.
Results and discussion
The results presented in Table 1 represent factors which 
were mentioned by farmers and veterinarians as possible 
key-factors: SPFb infection status, management, internal 
biosecurity, pen hygiene between batches, feeding and 
treatment procedures.
In general, there was wide variation amongst farmers 
regarding their perception of which management param-
eters were the reasons for success in terms of low mortal-
ity, high daily weight gain and limited use of antimicrobials. 
They seemed to be divided into various categories with dif-
ferent points of focus, including feeding, presence in the 
shed, investment in facilities and treatment strategy. The 
choice of strategy seemed to be highly individual to each 
farmer. A committed farm owner, identiﬁed as a solid inter-
est and participation in the management, characterized all 
participating farms. There were common factors among 
the interviewed farms, for example each received their 7 kg 
weaners from a single supplier, they implemented a high 
degree of sectioning, and a more or less consistent all-in-
all-out production with cleaning between batches.
Farm demographics
All farms received 7  kg weaners from one single sup-
plier; either their own or a regular sow farm. The weight 
at entrance varied from 6.5  kg to 8.5  kg. Some farmers 
prioritized heavy weaners at entrance (Farms 3 and 7). 
Nine of the participating farms participated in the volun-
tary SPF program, insuring that 7 kg weaners also origi-
nate from a SPF sow farm. The quality of 7 kg weaners, 
in terms of e.g. weight, health and growth potential is 
expected to be interrelated with the management at the 
sow farm. However, it was out of the scope for this pro-
ject to go into further detail regarding management in 
the sow farm.
Three farms were free of all SPF-registered pathogens 
(Farms 4, 8 and 9), while other six SPF farms had a vary-
ing number of registered pathogens (Farms 2, 3, 5, 7, 
10 and 11). Typically, the farms took into account their 
infection status in the management practices, in terms of 
sectioning and vaccine programs. SPF-registered patho-
gens were commonly screened, while surveillance of gas-
trointestinal disorders was uncommon [16].
Management
The estimated number of working hours per week varied 
from 1.7 to 9.3 per 1000 weaners. Farmer 8 considered 
presence in the shed to be crucial: “If you want a success-
ful weaner production, you need to spend suﬃcient hours 
in the shed”. Despite having old buildings, this farmer had 
very good results in the weaner unit. In general, newer 
housing is expected to facilitate good practices (such as 
sectioning and hygiene), enabling fewer working hours 
without compromising results. However, “what is cru-
cial in the weaner production is to LOOK at the wean-
ers, rather than at the calendar, to decide when it is time 
to sort them or change their feed” (Farm 8). All farmers 
sorted the weaners to some extent, though the strategy 
varied. In general, farmers sorted by size, while a small 
number also sorted by sex. Sorting by sex enables diﬀer-
entiated feeding, which may increase the meat percent-
age and feed conversion, and may have some eﬀect on the 
prevalence of tail biting [23].
In three of the farms (Farms 2, 5 and 8), the smallest 
weaners (<6  kg) were placed in a pen with fewer pen-
mates and given a high quality feed mixture, and milk for-
mula or sugar water was eventually added to increase the 
appetite. Under these conditions, initially small weaners 
had a higher growth rate and were therefore able to catch 
up with the larger weaners during the weaner period. The 
majority of farmers selling 30 kg pigs found it important 
to deliver a high quality product, since: “Those 30 kg pigs 
entering that truck is my public image” (Farm 3).
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Table 1 Characteristics of 11 Danish weaner producing farms with low use of antimicrobials and high productivity
1a (A and Bb) 2 (A and B) 3 4 5 6
Farm demographics
 Infection status Unknown +Mycc +Ap(6 + 12), 
+Myc, +PRRS
Free of all SPF 
pathogens
+PRRS Unknown
 Biosecurity Non-SPF SPF SPF SPF, closed farmd SPF, closed farm Non-SPF
 Number of 
7–30 kg pigs
3,000 + 3,000 2,400 + 1,800 4000 1,250 2,000 1,800
 Supplier Regular sow farm Own sow farm Own sow farm Own sow farm Own sow farm Regular sow farm
 Housed dayse ~140 ~52 45 57 52 139
 Weight (kg), 
entrance– exit
7–slaughter 6.5–32 8.5–28 6.6–33 7.6–30 7.8–slaughter
AMf usage 
(ADD15/100/day)
4.16 and 7.19 3.9 and 5.7 2.7 7.37 6.03 0.6
Average daily 
weight gain  
(g/day)
800–825 ~500 462 464 ~500 705
Mortality (%) ~2 ~2.5 1.5 1.2 0.7 1
Management
 Staﬀ experience 
(years)
2 5 3 10 + (owner) 10+ 10+ (owner)
 Owner participat-
ing
With feeding Daily At delivery Daily No Daily
 Hours spent/weekg 20 (3.3 h/1,000w) 7 (1.7 h/1,000w) 37 (9.3 h/1,000w) 11 (8.8 h/1000w) 15 (7.5 h/1000w) NA
 Sorting by Size and sex Size Size and sex Size Size Size and sex
 Sorting frequency Continuously Twice Twice Twice At entrance Once
Internal biosecurity
 Sectioning High Not 100%h High High High (for 80%) Not 100%
 Vaccinate weanersi PCV2 PCV2 No No PCV2 NA
Pen hygiene between batches
 Beyond washing Disinfection – Disinfection – – Disinfection
 Drying (days) 2 3–10 6 2–6 3–5 7 days
 Incl. heat (days) 2 2–3 2 1 1–3 1–2
Feeding
 Type Home-mixed 
wet + lactic acid 
bacteria
Home-mixed dry Purchased pelleted Home-mixed dry Home-mixed wet Home-mixed dry
 No. of mixtures 3 (7–9 variations) 2+ extra 2 2 3 + extra 2
 Zinc ﬁrst 2 weeks No Yes Yes Yes Yes Yes
Treatments
 Primary indication Unthrifty Diarrhea at shift in 
feed
Diarrhea at shift in 
feed
Diarrhea 3 weeks 
after weaning




 Method Injection or AM in 
feed in sick pen
Group (section) Injection only Group (pen) Group (water in 
feed trough)
Injection
 % treated per 
batchj
5% 50% NAk NA 20% NA
7 8 9 10 11
Farm demographics
 Infection status +Myc Free of all SPF pathogens Free of all SPF pathogens +Myc, +Ap6, +Ap12 +Myc, +PRRS
 Biosecurity SPF SPF SPF SPF SPF
 Number of 7–30 kg pigs 2,200 4,000 4,000 3,300 1,720
 Supplier Own sow farm Own sow farm Own sow farm Own sow farm Regular sow farm
 Housed days 44 50 56 55 55
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Internal biosecurity and pen hygiene between batches
All participating farms claimed to have an all-in-all-out 
production system. However, the extent to which this 
practice was managed diﬀered between farms. Where 
sectioning was not practiced 100% eﬃciently, the design 
of the housing was typically regarded as a limiting factor. 
The information presented in the table is obtained through registrations from VetStat, the farmers efficiency controls as well as semi-qualitative on-farm interviews.
a Farm No 1 and No 2 did not present their efficiency control, but reported estimated results on mortality and daily weight gain.
b A and B indicates that the farmer has two herds with 7–30 kg pigs.
c Presence of SPF pathogens, see endnote description.
d Closed SPF farms produce their gilts themselves and therefore do not receive pigs from other farms.
e The average number of days that a batch of weaners remains in a section.
f AM Antimicrobial.
g Labor hours spent per week is the number of weekly hours spent per 1,000 weaners, estimated by the farmer.
h “Not 100%” indicates defects in the sectioning procedures, such as: Weaners entering/leaving the housing having to pass through other sections, or pigs falling 
behind their batch mates being moved to another section.
i Informed by the herd owner, with the exception of farms 7, 8 and 9, where prescribed vaccines for weaners were obtained from VetStat.
j The percentage of pigs per batch being treated at least once during the weaner period, estimated by the farmer. Group treatment (“Group”) was administered 
through the drinking water if nothing else is stated.
k Not available.
l Farm 11 was included, despite an average daily weight gain below 443 g/day, due to an entrance weight (6.7 kg) considerably lower than the national average 
(7.2 kg).
Table 1 continued
7 8 9 10 11
 Weight (kg), entrance–
exit
8.1–32 6.6–31.7 7.2–34.8 7.0–33.5 6.7–30.1
AM usage (ADD15/100/
day)
3.64 7.36 6.82 2.99 6.57
Average daily weight gain 
(g/day)
576 497 498 486 426l
Mortality (%) 1.6 0.8 1.4 1.7 1.6
Management
 Staﬀ experience (years) 6 1 5+ 1 10+ (owner)
 Owner participating Yes Yes Yes Yes Daily
 Hours spent/week 7 (3.2 h/1,000w) 37 (9.3 h/1,000w) NA 14 (4.2 h/1,000w) 10 (5.8 h/1,000w)
 Sorting by Size Size Size Size Size
 Sorting frequency Twice Continuously Once Once Once
Internal biosecurity
 Sectioning High Not 100% Not 100% High Not 100%
 Vaccine weaners No No No No NA
Pen hygiene between batches
 Beyond washing Disinfection Disinfection Disinfection Disinfection –
 Drying (days) 13 4 7-10 1 2
 Heating (days) 3 4 NA 1 2
Feeding




Purchased pelleted Purchased pelleted Purchased pelleted Purchased pel-
leted
 No. of mixtures 2 3+ extra 3 3 3
 Zinc ﬁrst 2 weeks Yes Yes Yes Yes Yes
Treatments
 Primary indication Diarrhea at shift 
in feed
Diarrhea at shift in feed Diarrhea at shift in feed Diarrhea 4–5 weeks 
after weaning
Diarrhea at shift 
in feed
 Method Group (half 
section)
Group (section) Group (section) Group (section) Group (section)
 % treated per batch 30–40% 100% 100% 100% 100%
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For example, a shed previously used for cattle had been 
transformed into a pig shed (Farm 11) and in another 
farm, productivity exceeded the intended housing capac-
ity (Farm 5). Farm 5 did not observe clinical diarrhea in 
the majority of weaners kept under strict sectioned con-
ditions (80%). However, due to the inexpedient construc-
tion of the housing, 20% of the weaners were kept in a 
section with continuous production where diarrhea was 
observed and group treatment applied regularly. Sec-
tioning [8] and improvement of housing facilities [24] 
has previously been found to inﬂuence the antimicrobial 
treatment frequency in pig farms. Additionally, a recent 
study by Laanen et al. [9] demonstrated that a high level 
of internal biosecurity (in terms of disease management) 
had a protective eﬀect on the use of prophylactic group 
treatments, possibly due to a reduced transmission of 
pathogens within the farm.
In terms of hygiene between batches of pigs, it is rec-
ommended to wash, disinfect (for a minimum of 30 min), 
and subsequently leave pens empty for at least 2 weeks in 
order to reduce the transmission of Lawsonia intracellu-
laris [25]. None of the participating farms were left idle 
for this time period, possibly due to the associated loss of 
income or lack of shed capacity. Nielsen et al. [8] found 
that the risk of antimicrobial group treatment in ﬁnisher 
farms increased by a factor of four, when the housing 
was never cleaned. Likewise, Laanen et al. [9], identiﬁed 
a positive correlation between cleaning and daily weight 
gain, possibly due to the reduction of gastrointestinal 
disorders.
Feeding
Good feeding practices may contribute to a healthy gas-
trointestinal microbiota, preventing diarrhea. More than 
half of the participating farms typically experienced diar-
rhea at shifts in feed (Farms 2, 3, 7, 8, 9 and 11), while 
only two farms did not observe diarrhea as the main 
clinical indication for treatment (Farms 1 and 6). Both 
mentioned the feeding as the reason: “Diarrhea? No I 
adjust the feeding” (Farmer 6). Whenever feces softened, 
they would decrease the grind of the feed slightly (Farm 
6), or add a lactic acid bacteria starting culture (Farm 1). 
Farm 1 also added lactic acid bacteria starter culture in 
the feed for newly-arrived weaners. This is in accordance 
with prior scientiﬁc studies, demonstrating how probi-
otic bacteria, Biﬁdobacterium lactis Bb12 and Lactoba-
cillus rhamnosus, may inhibit the adhesion of Salmonella 
sp., Clostridium sp. and Eschericia coli to the intestinal 
mucosa [26].
Treatment procedures
Farmers were asked to estimate the percentage of wean-
ers treated in each batch, resulting in estimated treatment 
percentages ranging between 5 and 100%. Based on veter-
inary directions, the farmer chose when to initiate treat-
ment, how to treat, the duration of treatment and what 
dose to use. All four parameters are highly dependent on 
the owner setting the standards of the farm, as well as the 
person in charge of the daily routines. The initiation of 
treatment depends on the ability to detect diseased ani-
mals, as well as the willingness of the farmer to tolerate 
the clinical signs. As the owner of Farm 3 stated: “When 
you choose to have a low use of antimicrobials, you need 
to accept a certain level of diarrhea among your weaners”. 
This farmer rejected group treatment as “It’s a principle!” 
In his experience, if the clinical diarrhea did not aﬀect 
the general condition of the weaners they would recover 
without treatment. However, an “injection-only-strategy” 
has a considerable inﬂuence on the workload and sub-
sequent labor costs, and can therefore be followed only 
by farms with the available resources. However, it can be 
argued that a high number of injections may stress the 
pigs and subsequently reduce welfare.
According to farmer No 3, the ability to detect diseased 
pigs and to initiate treatment at the optimal time is highly 
dependent on the person in charge of the daily routines. 
“Some have the talent, while others will never learn” 
(Farm 3). Hence, a person, which by the farmer may be 
characterized as talented, may use more antimicrobials in 
striving towards higher levels of health, welfare and pro-
ductivity among the pigs. On the other hand, initiating 
early treatment may reduce transmission of disease and 
thus decrease the total amount of antimicrobials needed. 
However, some of the specialized pig veterinarians con-
tacted during the initial study conﬁrmed that farms with 
the highest level of health and productivity were not nec-
essarily those using the lowest amount of antimicrobials.
More than half the participating farms administered 
antimicrobials in smaller units than on the section level 
(Farms 1, 3, 4, 5, 6, 7). One farm had two water pipes per 
section, enabling treatment of half a section at a time 
(Farm 7), while another had installed a medicine dis-
penser on each pen (Farm 4). Group treatment, where 
antimicrobials are administered through feed or water to 
a group of pigs, is widespread in pig production [27, 28]. 
Antimicrobials added to water are administered through 
a dispenser coupled to the water pipe. Hence, the con-
ﬁguration of the water pipes and/or dispenser types may 
have an impact on the number of treated animals at the 
farm, which may lead to a higher consumption of antimi-
crobials the larger unit each dispenser relates to.
Results from this study revealed some incongruence 
between recorded data and reality. In Farm 1 only 5% 
of the pigs received treatment. Despite this low treat-
ment frequency, the apparent antimicrobial use as stated 
in VetStat was higher than expected (4.16 and 7.19), 
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compared to farms treating 20% (6.03, Farm 5) and 50% 
(3.9 and 5.7, Farm 2) of their pigs. Pigs in Farm 1 stayed 
in the same section from a weight of 7 kg until slaugh-
ter. Antimicrobials were mainly being prescribed for 
weaners, but essentially administered after the pig had 
exceeded 30  kg of weight. This account was conﬁrmed 
by the amount of antimicrobials being prescribed for ﬁn-
ishers, which was close to zero. The treatment of a pig of 
45 kg accounts for one ADD/100 ﬁnishers/day, but three 
ADD/100 weaners/day. This is based on the calculation 
of ADD, using 15 kg as a measure for a standard weaner 
and 50  kg as a measure for a standard ﬁnisher. As the 
antimicrobials were prescribed for weaners but used 
for ﬁnishers, the actual amount of ADDs for weaners 
at Farm 1 is expected to be markedly lower than stated 
in Table 1. Observations like this, elucidates the incon-
gruence existing between VetStat data and use of anti-
microbials in real life. Hence, in farms housing more age 
groups, it is essential for the veterinarian to be obser-
vant towards which age group of pigs actually is treated. 
When evaluating the antimicrobial use as ADD/100 pig/
day, it is important to keep in mind that it is a statisti-
cal measure created to enable comparison of the relative 
consumption between farms, and is not necessarily a 
measure of the actual amount of antimicrobials used at 
the farm [19].
The impact on antimicrobial use of some of the factors 
discussed above, are supported by a currently unpub-
lished study performed by Dupont et  al., which investi-
gates key factors which are related to a reduced use of 
antimicrobials. Dupont et  al. found vaccination strat-
egy and treatment method (smaller dosage, fewer group 
treatments, shorter treatment duration and changes 
in antimicrobial product) to be pointed out by farmers 
and veterinarians as the most important reasons for a 
decreased use of antimicrobials. Additionally, changes in 
feeding and increased compliance towards all-in-all-out 
procedures were mentioned.
Conclusions
According to register data, participating farms were 
alike; low use of antimicrobials, mortality and high daily 
growth. However, on-farm interviews elucidated more 
heterogeneity among farmers than expected. Most of the 
farmers had a speciﬁc point of focus which they consid-
ered to be crucial for their good results. Points of focus 
mentioned by the farmers included feeding, treatment 
strategy, refurbishment of facilities and presence in the 
shed. These results indicate the importance of studies 
going beyond register data. Qualitative study techniques 
are needed striving towards a better understanding of the 
actions taken behind data. Further studies on the eﬀect of 
farmer types are recommended.
Endnotes
aAverages of daily weight gain and mortality are cal-
culated as national averages of eﬃciency-control data 
from a representative sample of farms. The parameters 
are calculated as annual averages based on the number of 
inserted pigs.
bSPF, or Speciﬁc Pathogen Free farms, is a trademark of 
pig farms which ensures a certain level of external bios-
ecurity through the restriction of entering visitors, equip-
ment, feed and pigs. Hence, entering pigs need to come 
from another SPF farm with identical or higher health 
status [29]. Farms can be free from all (SPFX-) or some 
of the following: Porcine Reproductive- and Respiratory 
Syndrome (PRRS), Actinobacillus pleuropneumoniae 
(Ap), Mycoplasma hyopneumoniae (Myc), haemolytic 
Serpulina hyodysenteriae (Dys), toxin-producing Pas-
teurella multocida (Nys), Haematopinus suis and Sar-
coptes Scabiei var. suis. If diagnosed with a disease, the 
abbreviation appertaining the pathogen is added as e.g. 
+Ap2 (presence of Actinobacillus pleuropneumoniae, 
serotype 2).
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